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HIGH-VOLTAGE D.C. POWER TRANSMISSION 


N THE EYES OF POWER SUPPLY ENGINEERS OF THE 

present generation alternating current has become firmly 

established as the preferred medium for generating, 

transmitting and distributing electrical energy. These 
engineers have compared the alternator with the more 
complex d.c. generator, the static and efficient transformer 
with the rotating motor-generator, and the highly developed 
a.c. circuit-breaker with its limited d.c. counterpart. They 
have seen the supremacy of a.c. supply challenged only in 
certain traction applications and in the storage of electrical 
energy. Even for traction, supplies at power frequency are 
now to displace the d.c. track and overhead wire, leaving to 
direct current the ancillary role of the final drive only. 

It has therefore come as a surprise to many that, after 
concluding extensive investigation into the possibilities of an 
a.c. connection, the Joint Committee set up by Electricité de 
France and the Central Electricity Authority should have 
recommended that the French and British supply systems 
should be linked by a high-voltage d.c. cable. 

The truth is that, unnoted by many or condescendingly 
treated as an enthusiast’s whim, direct current has been 
gradually increasing its challenge to alternating current, as 
the scale of power transmission problems has grown with 
power demand and with the need for making the best use of 
natural resources. Towards the end of the Second World War, 
when Sweden was considering means for transporting the 
hydro-energy of the far North to the populated and industrial 
areas of the South, it seemed that long-line a.c. connections 
would encounter difficulties from widely-varying voltage 
conditions and from very limited margins of operational 
stability, and that these could be avoided by using high- 
voltage d.c. connections, for over these the voltages and load 
transfers can be more easily controlled and stability in the 
synchronous sense is not a problem. There was some prospect 
that the two methods would be economically comparable for 
the loads and distances involved. However a long development 
programme would have been necessary before the high- 
voltage heavy-current valves and the associated control 
apparatus could be installed with the same dependability as 
has become customary with a.c. equipment, and a.c. trans- 
mission was finally preferred. Later the use of static condensers 
in series with the line to offset a proportion of the line 
reactance had the effect of reducing the electrical separation 
of the generation from the load, improving both voltage 
and stability conditions; this; by permitting the reduction 
of expenditure on intermediate switching stations, threw still 
further out the boundary at which a.c. and d.c. transmission 
become comparable in cost. How far out this boundary lies 
is indicated by the recent Russian proposal to build an 
800kV d.c. 750 MW connection between Stalingrad and the 
Donets basin, a distance of 340 miles; it has been admitted 


that for this power and distance direct current is not cheaper 
than alternating current, but the project has been justified 
as a large-scale experiment to pave the way for future trans- 
mission of 2000-4000 MW over 1000kV d.c. transmission 
lines from Siberia to Western Russia, a distance of 1 250 miles. 

This boundary, outside which the two media compete 
effectively, shrinks materially for an electrical connection that 
involves a long length of cable such as may be necessary 
between generating plant on the mainland and a load on a 
remote island. An a.c. cable suffers from the disadvantage 
that it must carry its own charging current in addition to its 
load current, so that, as the length increases, the proportion 
of the current-carrying capacity available for load transport 
decreases. Compensation for some part of this effect is 
possible, but in the longer circuits may not be adequate for 
economic a.c. transmission. Sweden and Gottland are 
separated by about 60 miles of sea water, and it was not 
considered practicable to use an a.c. cable connection to 
bring the cheap power of the mainland to the people of the 
island. Here the d.c. cable had no competitor, and moreover 
offered the further attraction of a simple impregnated paper 
cable with solid single core and a sea return. After several 
years of intensive and expensive valve development, a 100kV 
20 MW connection was inaugurated in May 1954 and was 
taken over for commercial operation in January 1956. 

In the cross-Channel scheme direct current moves up the 
scale to effect transmission of some 150 MW at 200kV, but 
it also shows another advantage—it provides a connection 
whereby the operating frequencies of the two systems are 
virtually independent. The distance is not sufficient to cause 
any appreciable restriction of transfer capacity by charging 
current were an a.c. cable to be used, but the current flow in 
such a synchronous tie and the need for accurate control of 
frequency could make the efficient use of the interconnection 
difficult. With a d.c. circuit the flow of power can be firmly 
controlled in whichever direction it is required, and each 
system is free to operate at the frequency most directly suited 
to its own conditions. 

High-voltage direct current is indeed showing itself useful 
for solving problems that are impossible, or becoming very 
difficult, for alternating current—long cables, interconnections 
between large synchronous systems, circuits transmitting very 
large power over very long distances. Maybe in addition it 
will prove to be a means whereby, as line routes and cable 
wayleaves become more difficult to obtain, existing lines and 
cables can be increased in transmission capacity. But before 
these changes are possible much more must be known of 
cable performance and characteristics, overhead line insula- 
tion, operational experience with large-power ‘valves and 
ancillary equipment, the possibility of switching, and the 
most economic arrangements of terminal equipment. 
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ARG INTERRUPTION ........... 


Part I. 


In many fields of work engineers have a ready-made 
theoretical framework which enables them to calculate the 
properties of new designs of electrical apparatus. With 
circuit-breakers, however, no adequate theory exists, and 
progress must be made largely by trial and error. Increasing 
cost makes the formulation of a basic theory of spark, 
glow and arc discharges eminently desirable, quite apart 
from academic satisfaction, and in this article the authors 
indicate the latest theoretical ideas. Part 2 of the article 
will be published in a later issue of the Journal. Dr. Edels 
is at the University of Liverpool and Dr. Crawford is 
with the Mining Research Establishment of the National 
Coal Board. 


H. EDELS, B.SC.TECH., PH.D., ASSOCIATE MEMBER 
F. W. CRAWFORD, B.SC.(ENG.), PH.D. 








rapid growth in both knowledge and practice in 

many fields of electrical engineering. In one such 

field, the utilization of electrical conduction in gases, we 
have seen for example the extensive development of valves 
and dependent electronic equipment, the production of 
new light sources and the constant improvement of arc- 
welding apparatus, high-current rectifiers and circuit- 
breakers. Many of these improvements have of necessity 
been obtained by empirical methods, because, although 
the basic processes of gaseous electrical conduction are 
well established, many types of equipment involve a 
complex interaction of these processes which defies 
present analysis. Arc-welding apparatus, mercury-arc 
rectifiers and circuit-breakers all fall within this category, 
and it is interesting to note that they all depend upon the 
utilization of the arc discharge. We shall consider the 
particular problem of circuit-breaking, but it will be 
appreciated that many of the considerations are applicable 
also to other forms of equipment utilizing arc discharges. 
The satisfactory performance of a circuit-breaker 
depends essentially upon the successful interruption of 
the arc or other form of gaseous discharge which ensues 
upon contact separation. At present circuit-breakers can 
be satisfactorily designed to produce the required 
mechanical movement and mechanical strength, and 
materials can be chosen to give the required electrical 
insulation. However, the ability of a new type of circuit- 
breaker to interrupt a given arc discharge can rarely be 
predicted, and in our knowledge a design based on the 
conduction phenomena in circuit-breakers does not exist. 
Such a situation compares most unfavourably with that 
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[D=* this century there has been a remarkably 


Gaseous Electrical Conduction and the Circuit-Breaker 


of electrical machine design, which is based on a fully 
developed electromagnetic theory. 

Despite the lack ‘of a complete theory of arc interrup- 
tion, some notable advances have been made by the 
investigation of particular aspects of the circuit-breaker 
conduction problem. The work of Slepian in the United 
States on gap recovery resulted in the development of the 
de-ion grid, and the investigations of the Electrical 
Research Association in Britain promoted the rapid 
development of gas-blast circuit-breakers. Subsequent 
development by industry of both oil and gas-blast breakers 
has been considerable and mainly determined by the 
demand for circuit-breakers of ever-increasing rupturing 
capacity. The development has, however, been based 
mainly on empirical investigation. 

The cost of such investigation at full rupturing power, 
the problems associated with synthetic testing and the 
constantly increasing size of conventional circuit- 
breakers signify that an enhanced effort must be directed 
towards the solution of some of the outstanding con- 
duction problems associated with switchgear. A major 
advance may be made by the exploration of relatively 
undeveloped aspects of gaseous conduction, exemplified 
by the ‘vacuum’ switch, but progress will be more assured 
by a fuller appreciation of the conduction and recovery 
problems involved. In Part 1 of this article we shall 
attempt to summarize some of the essential problems 
involved in arc interruption, and in Part 2 to review the 
known data and theories associated with gap recovery. 

If we now consider the problem of circuit-breaker 
performance, we find that a satisfactory qualitative 
description of arc formation and interruption may be 
given if the detailed interactions of the processes involved 
are ignored. In its essentials circuit-breaker operation 
involves merely the separation of current-carrying 
contacts in a gaseous or liquid medium. Now, except for 
power sources of trivial magnitude, the source associated 
with the switch can maintain electrical conduction 
despite the contact separation. As the last point of 
contact is reached, the current density can rise to a 
magnitude sufficient to produce metal vaporization. The 
electric field due to the voltage across the small vapour 
gap is then sufficient to cause ionization of the vapour 
and thus produce the initiating conditions for gaseous 
conduction. Alternatively, a sufficiently large number of 
electrons may be produced from the contacts either by 
thermionic emission or by field emission from the last 
point of contact. 

Irrespective of the method of production of the initial 
ionization, this small ionized gap must carry the full 
current associated with the circuit. This implies a rapid 
and considerable rise in the energy content of the gap. 
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Since the arc discharge necessitates a high gap-energy 
content, any initial discharge rapidly develops into an 
arc, and the temperature of the discharge rises by several 
thousand degrees. This causes vaporization of any liquid 
medium (e.g. oil) and ensures that the developing arc 
always operates in a gaseous environment. The essential 
function of the circuit-breaker is to interrupt the arc thus 
formed, to remove the arc products, and to replace the 
hot conductive gas by an insulating medium of electric 
strength sufficient to withstand the full circuit voltage. 

The interruption of the arc may be induced by self- 
generating processes within the circuit-breaker, as in oil 
switches, or by externally generated forces as in gas-blast 
switches. Irrespective of the means employed, it will be 
appreciated that arc interruption is essentially a removal 
of the high gap energies associated with the arc discharge. 

If we consider the arc isolated from its source of power, 
any interrupting force operating for an unrestricted 
period of time will quench the arc and produce full 
recovery of the electric strength of the gap. Recovery 
under these special conditions we term free recovery. 
However, under actual switch conditions the gap is not 
free to recover unhindered, for the opposing effects of 
the connected circuit and power source cannot be 
ignored. It is precisely because of these effects that the 
fundamental difficulty of arc interruption arises. 

Consider for example the interruption of the a.c. 
circuit shown in Fig. I(a). We assume that the switch is 
opened at some time ¢ before current zero, producing an 
arc with voltage v, as shown in Fig. 1(b). Usually the arc 
thus produced will be maintained until the current reaches 
zero, although the arc voltage will tend to increase 
shortly before current zero owing to the low values of the 
arc current. If we now assume that at current zero the 
arc conditions are instantaneously removed, a voltage of 
reverse polarity will appear across the gap having a 
natural frequency dependent upon the inductance and 
capacitance of the connected circuit. Since the arc con- 
ditions cannot be removed instantaneously this voltage 
can produce current flow and hence cause post-zero 
energy input into the gap. It is clear that, if the arc is not 
to be re-ignited by the presence of the voltage, the high 
gap temperatures and arc products must be removed at 
a rate appreciably greater than the rate of energy input 
due to the voltage. The gap is thus subjected to a con- 
dition of dynamic energy exchange, upon which the 
success or failure of arc interruption depends. It is also 
clear that the recovery of the electric strength of the 
gap and the voltage across the contacts are not inde- 
pendent, but must be considered simultaneously in any 
theory of arc interruption. 

When we consider the complexity of the problem of 
arc interruption as outlined briefly above, it is under- 
standable why a fundamental circuit-breaker design does 
not yet exist. If progress is to be made towards such a 
design it must be based upon a knowledge of gaseous- 
discharge properties and the interaction of such dis- 
charges with circuit conditions. We shall therefore discuss 
briefly some essential forms of discharge and their 
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properties, and, in the light of this knowledge, discuss 
also some of the theories of arc interruption which have 
been proposed. 


The Gaseous Electrical Conductor 


In metals there exist large concentrations of free 
electrons, so that the application of small voltages causes 
considerable current flow with only a minimum resistance 
being imposed by the metallic atom lattice. A gas, 
normally accepted as electrically insulating, is from one 
aspect not dissimilar to a metal; it always contains a 
small number of free electrons, which by the application 
of a voltage can be caused to flow through the gas, the 
flow being impeded by collisions with the neutral gas 
atoms as in Fig. 2(a). If the current is restricted only to 
the free electrons available in the gas it is negligible, 
and the gas is an insulator. If a sufficiently high electro- 
static field exists between the electrodes, the free electrons 
can attain high kinetic energies. These high-energy 
electrons, colliding with neutral gas atoms, can cause a 
splitting of the electronic structure of the atoms and 
hence produce further free electrons and new positive 
ions, as in Fig. 2(b). This type of process is cumulative, 
producing an electron avalanche and finally a spark 
discharge. The gas under these conditions is electrically 
conductive and can quite easily be maintained in a state 
of stable conduction. It is possible also with varied gas 
conditions and current values to obtain widely different 
forms of conduction, typified for example by the well- 
known spark, glow and arc discharges. 
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(a) Electron-atom collisions with no ionization. , 
(6) Electron-atom collisions with ionization and production of 
electron avalanche. 


The properties of these gaseous conductors differ 
considerably from those of metallic conductors. The 
impedance of a metal, for example, is constant over a 
wide current range and is given by Ohm’s law, while the 
impedance in a gas depends upon the type of discharge, 
and in general it decreases markedly with increase in 
current. Many other unique discharge properties exist, 
which are of importance in relation to arc interruption. 

Consider a gas conductor as part of a simple d.c. 
circuit. The simplest state which satisfies the condition of 
current continuity in the circuit is depicted by Fig. 3(a), 
in which the current is given solely in terms of electron 
flow. This system, however, lacks a fundamental requisite 
of any self-maintaining discharge, namely a mechanism 
able to produce the required electron emission from the 
cathode. Although there are many processes capable of 
inducing cathodic emission, both the glow and the arc 
discharge require the production of positive ions in a 
region close to the cathode. In this cathode region, shown 
in Fig. 3(d), electron multiplication by collision occurs, 
producing positive ions and a resultant positive space 
charge. By Poisson’s law this space charge produces 
across the cathode region a voltage drop, termed the 
cathode fall. Under the influence of this voltage the 
positive ions move towards the cathode and bombard 
the surface. In a glow discharge the current density is 
low and the cathode fall high (~300 volts), so that the 
positive ions can acquire sufficient energy to produce 
electrons by direct energy exchange with the metal lattice. 
In an arc the current density is high, so that the ions, even 
with low cathode-fall voltages, can produce high tempera- 
tures at the cathode with consequent thermionic emission 
in refractory material such as carbon, tungsten and 
molybdenum. For low-boiling-point metals it is con- 
sidered that the positive ions can produce local fields 
sufficiently high to extract the electrons from the metal 
lattice. There is, however, still considerable doubt as to 
the actual mechanism operative for non-refractory 
materials. 

As shown in Fig. 3(6), which illustrates the flow 
of current and not charge concentration, the electrons 


714 


emerge from the cathode region into a region known 
as the plasma. Now experiment has shown that the plasma 
is electrically almost neutral, so that the positive-ion 
and electron concentrations must be equal. The posi- 
tive ions required for neutralization are produced by 
collision in an anode region where a negative space 
charge and anode voltage drop exist. The positive-ion 
current, however, is only a small portion of the total 
current. The discharge thus comprises three regions, 
namely cathode-fall space, plasma and anode-fall space, 
each having characteristic properties. Fig. 3(c) illustrates 
the distribution of potential in these regions. 

So far all energy exchange and losses from the discharge 
have been ignored. Many varied forms of energy loss 
exist, and the total loss for steady conditions must equal 
the total electrical energy input into the discharge. Since 
the current is carried almost wholly by the electrons the 
losses depend almost entirely on the results of the electron 
collisions. Important loss processes arise out of the many 
non-ionizing collisions between electrons and gas atoms, 
As a result of such collisions the gas atoms gain con- 
siderable energy and the gas temperature, say of arc 
discharges, can rise to 4000-10000° K. These high tem- 
peratures produce both radial and axial conduction losses 
and give rise also to convection phenomena and loss as 
depicted in Fig. 3(d). Atomic excitation occurs from the 
electron collisions so that the discharge emits light and 
loses energy thereby. Energy losses also occur at the 
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electrodes. Of the other possible losses which may occur, 
Fig. 3(d@) shows those due to ionization and dissociation 
within the discharge and subsequent diffusion and 
recombination outside. For a stable discharge, ionization 
losses by diffusion must be balanced by new ionization 
within the discharge, and such a process is depicted in 
the diagram. Since arc interruption and gap recovery are 
so dependent upon the energy losses, the great complexity 
of these losses indicates the intricacy of the interruption 
problem. Under certain conditions one type of loss may 
predominate, as for example the convection loss in gas- 
blast breakers, but the problems associated with the 
dynamics of such a loss are in themselves considerable. 


The Spark, Glow and Arc Discharges 


In a circuit-breaker we are not concerned solely with 
arc discharges, for with reduction of current to zero a 
transition from an arc to a glow may be obtained. This 
is important since the type of discharge determines the 
initial gap conditions for recovery. Further, if the gap 
does not successfully recover, breakdown may occur in 
the form of a spark, glow or arc. Thus it is useful to state 
rather more explicitly the different types of discharge 
and to consider their interrelation. 

The spark. This is a transient discharge, defining the 
initial mode of breakdown of separated electrodes. Its 
properties vary widely over the short times of duration 
depending greatly on the magnitude and variation of the 
discharge current. In the finally developed state the spark 
properties are often closely similar to those exhibited by 
an arc channel at a current of comparable magnitude. 

The glow. This stable discharge is normally obtained 
only at low current (<1 amp), although in oxygen-free 
gases at high pressures the discharge can be maintained 
up to 1Samp or more. The glow discharge has a diffuse 
plasma of low temperature (~1000°K), high voltage 
gradient (~1000 volts/em), and low current density 
(~10amp/cm2). The cathode region has a high cathode 
fall (~300 volts) and low current density (~10 amp/cm2). 
It is possible however to obtain a discharge having a 
typical arc column without destroying the characteristic 
glow properties at the cathode.2 We prefer therefore to 
define a glow in terms of the cathodic properties only. 

The arc. In relation to the glow the arc is most easily 
defined with respect to the cathodic properties. Thus the 
arc has a low cathode fall (~10 volts) and a high current 
density. With thermionic cathodes the current density 
is ~103amp/cm2, whilst for non-refractory electrodes 
present data indicate values of ~10°amp/cm2. The arc 
plasma is essentially constricted, having low voltage 
gradients (10-100 volts/cem) and high current densities 
(~103 amp/cm2). A state of thermal equilibrium may be 
assumed in the plasma, since the temperature ranges 
from 4000-10000° K. With these high temperatures the 
plasma contains 10'*-10'* electrons and positive ions pet 
cubic centimetre. The anode fall is about 15 volts. 

The high-current arc. At high currents it is possible for 
the arc plasma to undergo further contraction owing to 
dissociation effects. This effect may also be achieved by 
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an attempt to remove the arc energy by forced gas flow, 
or by the presence of magnetic fields. In this high-current 
state the plasma temperature may reach 50-100000° K, 
resulting in complete ionization of the gas. 

The interrelation of the discharges. The possibility of the 
production of a glow or arc from a spark has been noted. 
A reversible glow-to-arc transition at the cathode may be 
achieved by control of the discharge current. For ther- 
mionic electrodes the transition may be stabilized at 
every stage, but for non-thermionic electrodes the full 
transition is obtained in about 10~* sec. Reversible glow- 
to-arc transitions in the plasma may also be obtained by 
current control and in particular by control of the gas 
temperature of the discharge, indicating again the 
importance for the arc of thermally dependent factors. 


Theories of Arc Interruption 


Most of the noteworthy theories of arc interruption 
have arisen from a consideration of circuit-breaker 
performance, so that these theories are predominantly 
concerned with a.c. conditions. 

In the period 1928-30 Slepian, in the United States, 
proposed a theory of arc interruption which is succinctly 
described as ‘a race between electric-strength recovery 
and restriking voltage’. This formulation assumes that 
the recovery of electric strength of the gap and the 
restriking voltage are independent time-varying quan- 
tities. Under these conditions the recovery of the gap 
can be measured by the voltage required to break down 
the gap at any instant after current zero. Thus for each 
gap and pre-zero arc a unique recovery curve should be 
obtainable as shown for example by curve (qa) in Fig. 4. 
The success or failure of arc interruption then simply 
depends upon whether the superimposed restriking 
voltage intersects the gap-recovery curve. Thus if the 
natural circuit voltage is given by curve (b), breakdown 
and arc re-ignition will occur at voltage V and time Ar 
after current zero. If, however, the circuit gives a curve 
(c), no restrike occurs and the arc is successfully inter- 
rupted. Our previous discussion of the problem of 
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interruption indicated that the recovery and restriking 
processes are not independent so that the theory is 
fundamentally erroneous. However, the clear distinction 
which Slepian made between the recovery and restriking 
forces was of great significance, leading to a clarification 
of the problem. The theory has the undoubted advantage 
of simplicity, and often it approximates closely to true con- 
ditions, so that it can be of great value in the consideration 
of particular circuit-breaker development problems. 

The experimental work of Slepian and his colleagues 
showed that initial gap recovery could occur at an 
extremely rapid rate, and it was later shown that these 
rates could not be explained solely in terms of con- 
duction and diffusion loss. This and other difficulties led 
Prince} to propose a theory of interruption in which gap 
recovery arises from the displacement of a small section 
of the plasma by a wedge of unionized gas. The theory 
then proposes that subsequent recovery and completion 
of gap insulation occurs owing to the growth of this 
wedge along the plasma length. This type of interruption 
appears to be most unlikely, for such a process has, in 
our knowledge, never’been observed under experimental 
discharge conditions. Indeed Slepian* was able to show 
by simple aerodynamic calculations that the theory was 
untenable. In place of this ‘displacement’ theory, Slepian 
proposed that the high recovery rates could be explained 
in terms of increased diffusion loss due to turbulence. 
A satisfactory quantitative estimate of turbulence loss is 
difficult to achieve, but it is likely that such a loss exists 
and may well be of importance. 

The theories so far described ignore the condition of 
energy exchange in the gap during the interrupting period, 
a factor which, as indicated by the discussion of gaseous 
conduction given above, is of great importance in gap 
recovery. The importance of the gap-energy conditions 
was accentuated by the discovery that despite the presence 
of appreciable post-arc conductivity and the produc- 
tion of post-zero currents in certain switches, circuit 
interruption could still be successful. This and other 
considerations led Cassie> of the Electrical Research 
Association to propose a theory of interruption depen- 
dent upon energy-balance considerations. Cassie’s 
achievements were considerable, for his analysis presents 





CORRESPONDENCE 


From W. L. HARRISON, B.£., B.SC., MEMBER 
TELEVISION STANDARDS 


I was interested to read the article entitled ‘London’s New 
Television Station’ in the issue of the Journal for August 1956; 
but I see that on page 468 there appears the statement ‘. . . the 
405-line British system, with its positive modulation on vision 
and amplitude modulation on sound, has limited use outside 
the British Isles (only New Zealand has, in fact, accepted this 
standard).’ This statement regarding New Zealand is not 
correct. There is no television service in the country nor has 
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a dynamic energy-balance equation, a formulation which 
is essential if the time-dependent gap conditions are to 
be truly represented. Furthermore by an analysis which 
includes both the circuit and energy-balance equations, 
Cassie was able to formulate a simple criterion for are 
interruption. The energy equation given by Cassie 
depends upon the assumption that the arc is a cylindrical 
column at uniform temperature which loses energy 
solely by convection at a rate proportional to its instan- 
taneous area. Mayr® later obtained a similar equation 
assuming energy loss by thermal conduction. Although 
the assumption of either a simple convection or con- 
duction loss does not truly represent the gap conditions, 
the approach to the problem appears to be funda- 
mentally correct and is certainly the best available at the 
present time. Future development of the theory will 
probably depend upon an increased understanding and 
knowledge of arc and discharge losses under dynamic 
conditions, and upon the development of theories which 
describe the growth of electrical conduction in gases 
with some initial ionization. In recent years our know- 
ledge of arc losses under static conditions has increased 
considerably, and this type of investigation must even- 
tually lead to a fuller understanding of the problem of 
arc interruption. 
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any definite decision been made as to technical standards for 
a future service. 

Confusion has apparently arisen over the result of an 
engineering survey made by New Zealand engineers in 1951. 
This recommended the 405-line system as being the most 
suitable technically and economically for New Zealand at 
the time. It is not know when the New Zealand Government 
will make a decision on future standards. 





Mr. Harrison is with the New Zealand Broadcasting Service. 


(We apologize for the mistake.—Editor.] 
JOURNAL I.E.E. 
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THE OPENING MEETING IN OCTOBER 


Sir Gordon Radley is inaugurated as President 


A report of the Ordinary Meeting of The Institution on 
the 4th October 1956. At this meeting, the first of the 
current session, Sir Gordon Radley, K.C.B., C.B.E., 
Ph.D.«(Eng.), took office as President of The Institution. 
An account of Sir Gordon’s Inaugural Address will be 
published in next month’s issue of the Journal. 


provides a well-tempered yet stimulating overture 

to the many-scened opera that is played in The 
Institution’s theatre throughout the autumn and winter 
months. Members indeed come both to perform and 
watch this work, which sometimes catches the interest 
of every electrical engineer, but more often is esoteric with 
an appeal to the specialist. The Opening Meeting is 
undoubtedly of the first stamp: a brim-full theatre, the 
presence of ladies and of distinguished guests, the award 
of premiums, the speeches by Past-Presidents and Vice- 
Presidents, and above all an address by the new President 
on a subject of fascination, give the meeting anatmosphere 
of entertainment, edification and excitement all its own. 
The meeting on the 4th October 1956 most successfully 
followed the usual pattern. There have been a number of 
Engineers-in-Chief of the Post Office who have served 
The Institution as President. This year it seems par- 
ticularly appropriate that Sir Gordon Radley should be 
elected to the highest office in The Institution, for 1956 
is a year that will live in the history of communication 
as the year of successful completion of the transatlantic 
telephone cable. The new President, formeriy Engineer- 
in-Chief and now Director General of the Post Office, 
has been one of the chief architects of that cable. At the 


T= Opening Meeting of a new session always 


A new Corporate Member is welcomed by Sir George Nelson 
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Sir Gordon Radley delivering his Inaugural Address 


Opening Meeting there were present many of his col- 
leagues in the Post Office who had been associated with 
his work, not only on the transatlantic cable but in other 
aspects of telecommunication. Much of his Inaugural 
Address was concerned with the effects of long repeater 
submarine cables on the future of world communication. 

Sir George Nelson, the retiring President, took the 
chair at 5.30 p.m. After the customary announcement 
about donations and subscriptions to the Benevolent and 
Homes Funds, the ceremony of welcome to new Cor- 
porate Members took place. Nineteen members were 
congratulated by Sir George and presented with a bound 
copy of a book setting out the objects and organization 
of The Institution. Next followed the annual presentation 
of premiums. When all the premium winners were back 
in their seats, Sir George called on the new President 
to give his Inaugural Address. Sir Gordon Radley 
delivered this in masterly fashion, speaking much of it 
without reference to his script. 

After the address had been received by the audience 
with great enthusiasm, Sir Archibald Gill rose to propose 
a vote of thanks. He said that Sir Gordon had had such 
a wide experience of all branches of telecommunication 
that he must have had great difficulty in selecting subjects 
about which to talk to them to-night. He had, with his 
characteristic modesty, .said very little about his own 
part in the projects discussed. In particular, Sir Gordon 
had been responsible for much of the work on the new 
transatlantic telephone cable. Sir Archibald was sure 
that its successful completion a few weeks ago must have 
been a great satisfaction to him—and a great relief. 

It was interesting to recall that the decision to lay the 
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first telegraph cable across the Atlantic was reached in 
August 1856. Many costly failures had to be endured, 
and a period of over nine years had to elapse before a 
satisfactory telegraph cable was laid. They could not 
help feeling admiration for the way in which the new 
cable had been laid—so quietly, so successfully, without 
any hitch. It reflected very great credit on the cable and 
equipment designers on both sides of the Atlantic, on 
the manufacturers of the cable, and, last but not least, 
those who were engaged on actually laying it. 

All in the audience would agree that they had listened 
to a talk which was interesting, instructive and inspiring, 
and that their expectations had been more than satisfied 
by the manner in which Sir Gordon had discharged his 
first duty as President. Sir Archibald said that it there- 
fore gave him great pleasure to propose: “That the best 
thanks of The Institution be accorded to Sir Gordon 
Radley for his interesting and instructive Presidential 
Address, and that with his permission the Address be 
printed in the Proceedings of The Institution’. 

The vote of thanks was seconded by Mr. G. S. C. 
Lucas, who said that this was his first duty as the newly 
elected Vice-President. Sir Gordon Radley’s address was 
full of food for thought, and he had very rightly stressed 
the importance of telecommunication in both national 
and international affairs. Again, as President, Sir Gordon 
had reminded them that The Institution must, as a living 
organism, continuously adapt itself to the requirements 
of the times. 

Mr. Lucas continued in light-hearted vein by pointing 
out that, in addition to the two accepted means of inter- 
national telecommunication to which Sir Gordon had 
referred—namely, of course, telephone and telegraph— 
there was a third method, namely to ‘tell a story’. The 
Secretary and he had established international com- 
munication by this means, on their recent visit to Russia. 
Mr. Lucas amused the audience by telling the following 
story they had heard in Russia. 


A group of medical students were having a party; they had got 
to the stage of showing their conjuring when one of them 
inadvertently swallowed the cork-screw. After a little time he began 
to look rather ill even to the medical students, who decided that they 
had better call a surgeon. When the surgeen arrived, he examined 
the cork-screw swallower and said to the others, ‘Let me ask you, 
as medical students, whether you took any emergency action’. 
‘Oh, yes’, came the reply. ‘Since he swallowed the cork-screw we 
have been getting the corks out of the bottles with a fork.’ 


Seriously, he would like to underline particularly one 
sentence of the President’s address, because its truth had 
been brought home to them very strongly on their 
Russian visit. The President had said, ‘Rapidly changing 
technology has in no way diminished the need for 
practical training and experience. Born in the lecture 
theatre, the engineer is only brought up in the workshop’. 
A real appreciation of that truth was essential to Britain’s 
effective competition in the world’s engineering activities. 

After the vote of thanks had been carried with applause, 
Sir George Nelson said that his final duty as President 
was to install the new President. He did that with the 
greatest of pleasure and with the very best wishes of them 
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Sir George Nelson receives a Certificate of Presidency from 
Sir Gordon Radley 


all to Sir Gordon Radley for a most happy and successful 
year as President. 

Sir George then vacated the Chair in favour of the 
incoming President, Sir Gordon Radley, who thanked 
Sir George and the proposer and seconder of the vote of 
thanks. To prepare the address had given him con- 
siderable pleasure, and he had done it under his own 
steam without consulting his late engineering colleagues. 
To-morrow morning he might hear some more candid 
opinions about the address. His first duty was the 
traditional and very pleasant one of asking two members 
to propose and second a vote of thanks to Sir George 
Nelson for his very great services to The Institution 
during his year of office. Sir Gordon then called upon 
Mr. Eccles as proposer. 

Mr. J. Eccles said that Mr. Goldup and he had been 
given the privilege of expressing the appreciation of 
members for the work done by the retiring President. 
He had himself known Sir George for thirty-four years. 
Even that long time ago he (Sir George) was already a 
successful works manager, complete with bowler and that 
slightly harassed look that all works executives had in the 
early twenties when the post-war markets were closing up. 
Since then his record had been one long series of con- 
tinuous and great achievements, and although he was 
still the incisive executive and administrator, he had 
long since lost his worried look. Sir George had been a 
member of The Institution for more than fifty years. 
It was entirely fitting that one who had had such long and 
faithful service to The Institution and who had dis- 
tinguished himself in so many other fields should have 
been accorded this high honour that it was their privilege, 
as electrical engineers, to confer, and the manner in 
which he had discharged those duties during his Presi- 
dential year was evidence of the wisdom of their choice. 
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Like many great men, Sir George had a multi-sided 
personality. In public life he had the benevolence and 
philosophy of St. Francis, and when he addressed the 
young, he did so with wisdom, telling them how they 
must equip themselves for the service of mankind. In the 
detailed business of running a works he had the tenacity 
of a terrier, and when the occasion demanded he could 
make the sparks fly, but through it all he exercised great 
care for all those who worked for him. 

All men had secrets, great men more than most, and it 
was their hope that some day Sir George would reveal 
the secret of his success. If he (Mr. Eccles) might hazard 
a guess, he would say that a great part of it resided in the 
happy family relationship which Sir George and Lady 
Nelson shared. To be the better half of greatness was 
no easy task. Those of us who were privileged to know 
Lady Nelson realized with what charm and grace, 
dignity and friendliness, she illuminated greatness and 
espoused many good works. The Institution owed her 
a great deal for the social success of the Presidential year 
which had just finished. 

Mr. Eccles concluded by formally proposing in the time- 
honoured words: “That the best thanks of The Institution 
be accorded to Sir George Nelson for the very able 
manner in which he had filled the office of President 
during the past year.’ 

In seconding the vote of thanks, Mr. T. E. Goldup said 
that he welcomed the opportunity, as Senior Vice- 
President, of expressing the thanks of the Vice-Presidents 
for the happy time they had enjoyed with Sir George 
Nelson during his year of office. Apart from this, it gave 
him personally considerable pleasure to be able to 
express his own enthusiasm for the sterling work that 
Sir George had accomplished. Mr. Goldup felt that all 
the members gathered in the theatre, and, indeed, all 
members of The Institution, would share this enthusiasm. 

Mr. Goldup emphasized that Sir George, in his 
industrial capacity and as a leader in the electrical 
industry, had done a great work not only for The 
Institution but also nationally, for he had made a large 
contribution to the volume of exports on which Britain 
so much depended. A few days previously Mr. Goldup 
had returned from an extensive visit to the United States 
and Canada, and from talking to industrialists and to 
those who were responsible for professional organizations 
there, he had gained the impression that Sir George was 
a really excellent ambassador. He was sure that there 
was no one in The Institution who was looked up to 
more than Sir George for advice and general counsel on 
electrical engineering matters. 

He had given unstintingly of his time and energy during 
his year of office and those who had worked with him 
appreciated exactly what this had meant in real physical 
effort. They should all be grateful to him, especially, 
perhaps, the Local Centres, many of whose functions he 
had attended. ' 

As they looked back on the strenuous year that had 
now ended, Sir George and Lady Nelson would have the 
complete assurance of members that all that they had 
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done for The Institution would be remembered with 
gratitude. They had made a contribution which upheld 
the dignity and the high standing that The Institution 
was privileged to enjoy. 

The vote of thanks was acclaimed by the audience, and 
the President next presented Sir George Nelson with the 
Certificate of Presidency. Sir George then replied, saying 
that he was deeply touched at the kind remarks Mr. 
Eccles and Mr. Goldup had made about him, and 
particularly about his dear wife. If they had upheld the 
traditions which have been established in the past, they 
were both very happy. 

He had had a thrilling year as President. The clearest 
demonstration of the standing of The Institution was the 
gracious acceptance by H.R.H. the Duke of Edinburgh 
of Honorary Membership last year. It had been a great 
pride, pleasure and privilege for Sir George to welcome 
him at the Annual Dinner in February, when he signed 
the Roll of Honorary Members. His Royal Highness 
had honoured them on that occasion by giving some 
inspiring advice. His last few words had been a warning 
against complacency, and although they were, in Sir 
George’s opinion, unlikely to become complacent, it was 
very important they should realize that danger. 

During the year he had had the opportunity of visiting 
many Local Centres in Britain, the Irish Branch and their 
sister Institutions in America and Canada. He had been 
impressed by seeing not only the high esteem with which 
The Institution was regarded by other bodies, but also 
the excellent co-operation which existed between members 
in those places and the local Institutions. He wished also 
to pay tribute to the warm co-operation between their 
sister British Institutions and themselves; co-operation 
with their Presidents and officers had been very real. 

The year would have been much more arduous without 
the help which he had had from Past-Presidents, Vice- 
Presidents, and from Members of Council and Com- 
mittees. Sir George thanked them all for what they had 
done to help him to uphold the high standing and 
traditions of The Institution. Electrical engineers tackled 
and solved many difficult problems, but there was one 
that the President could not solve —that of being in three 
places at the same time. Disaster and distress had often 
been circumvented by the devotion of Past-Presidents 
and Vice-Presidents, who had frequently represented him. 

His dear wife was most disappointed that she was not 
with them, because she was doing duty for him in the 
Midlands. She had asked him to convey to members her 
sincere regret at her inability to be there, and to thank 
them all for the encouragement and welcome that they 
had given her at all times. He would again say how 
touched he was at the warm tributes which the proposer 
and seconder of the vote of thanks had paid to him and 
his work. He wished he could have done better, but he 
could say that he had been proud and delighted to serve 
members, their great Institution and their profession. 

When the applause that greeted Sir George Nelson’s 
speech had ended, the President formally closed the 
meeting. 
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Standard-Frequency Railway Electrification ........ 


The decision of the British Transport Commission, announced 
this year, to adopt 50 c|s electrification as the standard system 
for British Railways has heightened the interest in standard- 
frequency electrification that the French a.c. railway systems 
had already quickened in this country. Early this year a Utiliza- 
tion Section paper (No. 1998) on ‘The Potentialities of Railway 
Electrification at the Standard Frequency’, by E. L. E. Wheat- 
croft, M.A., M.J.Mech.E., Member, and H. H. C. Barton, 
B.A., M.1.Mech.E., Member, was presented at a meeting of 
The Institution. A short article giving some of the information 
in the paper and summarizing the discussion of it is printed here. 
The paper appeared in full in Part A of the Proceedings, August 
1956. 








T* excellent results which d.c. railway traction systems 
have given in many parts of the world are generally 
recognized, although such systems suffer from the high 
initial cost of the fixed equipment. The system voltage has to 
be limited to about 3000 volts because of traction-motor 
commutation difficulty, and even then pairs of motors must be 
connected permanently in series. Control is obtained by means 
of group switches, which connect each pair of motors in 
series, series-parallel and parallel combinations, and resistance- 
tapping switches are arranged for operation in each of these 
combinations. A d.c. system therefore imposes relatively large 
line currents on the overhead track equipment, and requires 
large conductors and closely spaced substations in order to 
confine the voltage drop at the train to acceptable limits. 

The single-phase standard-frequency system, in which the 
voltage is transformed down on the train, permits the use of 
high voltage on the track conductors and requires smaller 
conductors and fewer substations of far simpler design; 
indeed, the latter may comprise only static transformers and 
the necessary switchgear. With this system, electrical con- 
siderations permit the substations to be spaced as far apart as 
50 or 60 miles, and they may therefore be located the better to 
suit the power-supply system from which they are fed. This 
results in large savings in the capital cost of the fixed equip- 
ment, compared with the d.c. system, without occasioning 
any increase in annual maintenance charges; in fact, owing 
to the simplicity and smaller numbers of the substations, 
maintenance will be less. The equipment of a railway for elec- 
tric traction with the standard-frequency system, however, 
introduces new problems which are not encountered with a 
d.c. system. 

The meeting at which the paper by Mr. Wheatcroft and 
Mr. Barton was read was very well attended, Sir Brian 
Robertson, Chairman of the British Transport Commission, 
being present with several senior railway officials. That the 
whole subject was highly topical was reflected in the large 
attendance of some 400 people, in the intense interest which 
was shown in the paper and in the lengthy and useful discus- 
sion which followed. 

In their paper the authors review the technical and economic 
aspects of railway electrification using alternating current at 
the standard frequency, and compare the capital and annual 
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costs of this system with those of other systems. The paper is 
based on the authors’ wide experience of oversea project 
studies and it is limited to a consideration of routes having 
fairly low traffic densities compared with many of those in this 
country. 

The authors discuss the problems which arise with standard- 
frequency railway electrification—including the power supply 
for the substations, the track equipment, the civil-engineering 
modifications required for increased line-equipment clearances, 
rolling-stock designs, and signalling and telecommunication 
arrangements. They concede that the d.c. system has provided 


- a Satisfactory technical and economic answer for suburban 


lines, but they put forward the view that for new main-line 
projects the standard-frequency system is likely to be cheaper 
than any other system, and that it may be installed without 
difficulty. 

They briefly trace the history of railway electrification in 
order to show that a.c. traction systems have been handicapped 
by the need to adopt a frequency lower than standard, viz. 
16$c/s in Europe and 25c/s in the United States, on account 
of the difficulties of designing a satisfactory traction motor 
to operate at the standard frequencies of 50 or 60c/s. Mention 
is made of the work carried out in Hungary, Germany, 
France and the Belgian Congo on standard-frequency railway 
electrification, and data supplied by these administrations 
are given in tabular form. 

The authors suggest that the development of the rectifier 
and its successful application in traction as a mounted unit 
has changed this picture; they emphasize that the mercury-arce 
rectifier has been used successfully on rolling stock on two 
25c/s systems in the United States, although at this frequency 
traction-motor design is easier than at 50 or 60c/s. British 
development of the semi-conductor power rectifier was 
mentioned, and it is significant that one of these, using 
germanium, was put into service on the Lancaster-Heysham 
section of British Railways this year. After describing the 
various types of rolling stock available for a standard- 
frequency system, the authors express the opinion that rectifier 
types will find increasing favour, chiefly because they permit 
the well-tried d.c. traction motor to be used. These motors 
possess a very suitable characteristic for traction applications 
and when parallel-connected and voltage-controlled over a 
suitable range by transformer tappings—two conditions which 
are made possible with this design—the locomotive’s adhesive 
qualities are improved. 

About a dozen speakers took part in the discussion after the 
paper had been presented, which covered the subject’s econo- 
mic and technical range almost entirely. Indeed, one speaker 
suggested that the paper called for supplementary detailed 
studies to be made of many of the points which it raised. 
Mr. Cock was a little sceptical as to whether any significant 
difference existed in the initial installation costs of a 3 000-volt 
d.c. and a standard-frequency a.c. system. He agreed that it 
was not possible to generalize in this matter and that each 
case must be examined on its own merits. However, he 
instanced an oversea project of which he had knowledge and 
which involved 400 route-miles of single track with the 
relatively high traffic density of nearly six million trailing 
ton-miles per annum per mile of single track. After considera- 
tion of all the conditions and circumstances, it was found that 
the margin in favour of standard-frequency electrification was 
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small. In this instance the conclusion was reached that Diesel 
traction was cheaper than any system of electrification. 

On the other hand, the French railways, as mentioned in 
the paper, appear to be firmly convinced of the economies to 
be derived from the standard-frequency system for routes of 
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varying traffic density. In support of this Monsieur Gastine, 
who attended as a representative of the S.N.C.F., gave some 
details of the large extensions which were already being made 
to the existing standard-frequency system in north-east 
France. He said that the first of these, on which construction 
had already started, is the Nord-Paris route, including the 
line from Paris to Lille, which carries traffic comprising both 
fast passenger and heavy freight trains. This project involves 
about 350 route-miles requiring about 100 new locomotives, 
most of which are already on order. Another standard- 
frequency electrification in France, now awaiting approval, is 
the Est-Paris section including the main line from Paris to 
Nancy. The route miles for this line are approximately 400, 
for which a further 150 locomotives would be required. On 
completion of these projects the French railways will have 
approximately 1530 route-miles equipped for the standard- 
frequency system, against about 2600 route-miles equipped 
for 1500 volts d.c. Monsieur Gastine also emphasized the 
excellent performance of the 50c/s rectifier locomotives in 
service on the existing Valenciennes-Thionville line in North- 
East France; he stated that for the new extensions it had been 
decided to order almost exclusively Bp-Bo rectifier-type 
locomotives equipped with ignitron or excitron rectifiers, and 
that this design had been adopted for high speed (maximum 
speed 100m.p.h.) and for mixed traffic duties (maximum 
speed 75m.p.h.), as well as for working slower heavy freight 
trains. The excellent adhesive qualities obtained with these 
locomotives had led the S.N.C.F. to design a light-weight 
Bo-By rectifier-type locomotive weighing less than 60 tons, 
the performance of which he stated would equal that of the 
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existing 1500-volt d.c. Bo-By type locomotive weighing 
80 tons. He stated that, type for type, the prices of electric 
locomotives were approximately proportional to weight, and 
therefore the new light-weight locomotives would permit 
substantial savings to be made. 

Mr. Whyman disputed that the unit cost of locomotives is 
just about the same for a.c. and d.c. operation. He thought 
that for locomotives having the same number of axles, the 
a.c. locomotive would be more expensive than the d.c. one, 
and it must remain so because the transformer and rectifier 
will cost appreciably more than the savings resulting from 
the use of less complicated control equipment. He considered 








3  Bo-Bo locomotive and 50 c/s 25kV overhead-line equipment 
on the Belgian Congo 


that it is only possible to obtain an advantage in price if the 
superior adhesion of the a.c. version permits a 4-axle a.c. 
locomotive to be used instead of a 6-axle d.c. one. 

When Mr. Warder spoke, the meeting was naturally keen 
to learn whether the British Transport Commission had 
decided to continue with the existing d.c. system or to follow 
the example set by the French railways. They were, however, 
disappointed for no clear decision was announced. Mr. 
Warder said that as late as 1950 a committee appointed by 
the Railway Executive and the London Transport Executive 
had recommended that main-line extensions of railway 
electrification in the United Kingdom should be made with 
the 1500 volt d.c. system, but, as a result of the Lancaster- 
Heysham experiment with a standard-frequency installation 
using rectifiers on the rolling stock, and also because of a 
study of recent developments on the Continent, the whole 
question of railway electrification had been re-examined and 
the conclusion would be announced shortly. 

Since the meeting the Chairman of the British Transport 
Commission has of course made this promised announcement, 
namely that future extensive main-line railway electrification 
in this country will be at the standard frequency of 50c/s, 
and that certain sections already equipped for 1500 volts 
d.c. will be converted. The only exceptions to this decision 
are the existing third-rail installation on the Southern Region 
and some extensions to that system, notably those to Dover 
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and Ramsgate; these extensions will be made on the third-rail 
d.c. system. There will therefore be two railway electrification 
systems in this country—the 600-volt d.c. third-rail system, 
which will be used on all electrified lines of the Southern 
Region east of Portsmouth, and the standard-frequency 
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system which will be used elsewhere, notably for the London 
Midland and Eastern Region main lines north from London 
and in the Glasgow area. The line voltage for the British 
projects will be 25kV, but where difficulty is experienced or 
the cost of obtaining adequate clearances is prohibitive it 
will be reduced to 6-6kV. The need for two line voltages, apart 
from introducing dead sections, must obviously complicate 
the locomotive control equipment and increase its cost. 

Load fluctuation, unbalance and harmonic interference 
were discussed by Mr. Lane, who accepted that load varia- 
tions would have no serious effects on the public supply 
system. On the question of unbalance he agreed with the 
authors that the use of Scott-connected transformers would 
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American power stations—particularly with regard 

to fuel efficiency—was made in the informal 
lecture given by Mr. Geoffrey F. Kennedy on the 
2ist March 1956. 

Mr. Kennedy said that his visit to America was made 
during three weeks in October 1954, and that some of 
his account might now be open to minor correction. His 
conclusions were based on the inspection of nine modern 
generating stations and on discussions which he had with 
American engineers in the supply industry. 

In the building of American power stations, an 
interesting and economical practice is the use of 
generating-station fly ash up to 25% instead of cement 
in foundations. 

Comparatively short steel chimneys, one per boiler, 
are usually provided, whereas in Britain, owing partly to 
legislation relating to flue dust and partly to the local 
availability of suitable bricks, the chimneys for a large 
station are proportionately high, and only one or two 
chimneys are used, served by a flue common to all the 
boilers. 

The nine stations are all near abundant water supplies 
—mostly large navigable rivers. The circulating water 
systems are fully syphonic, and duplicate vertical-spindle 
circulating-water pumps for each generating set are 
usually located in a pump house on the river bank. In 
contrast to the situation in this country, no cooling 
towers are used. The extremes of temperature in the 
United States necessitate the lagging of all outdoor pipes, 
large and small, and the provision of space heating in 
buildings such as pump houses. 

Coal is usually conveyed by ships or barges, the 
grabbing equipment for its unloading normally being 
provided by the generating station at the riverside. The 
capacity of these ships is of the order of 16000 tons, 
while the barges carry from 900 to 1 200 tons each. There 
was talk of developing coal-carrying ships, for use on the 
Great Lakes, which have their own unloading facilities 
on board. 
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A enlightening comparison between British and 


not cure the problem. He urged that for this country a 25kV 
railway supply should be taken direct from the 132kV grid. 
Suitable step-down points can be found at about 30-mile 
spacing, and this would enable ample locations to be avail- 
able for substations on almost any of the railway routes 
likely to be equipped for electrification. The effect of phase 
unbalance, harmonics and load variations would hardly be 
noticeable. 

Several speakers referred to the problem of telecommuni- 
cation interference, the concensus of opinion being that many 
of the existing open-wire lines were obsolete and unworkable 
with any system of electrification, and that cabling was justi- 
fied as a modern necessity. 


POWER STATION PRACTICE 


Mr. Geoffrey F. Kennedy visited the United States some 
two years ago to study the American supply industry, and 
at an informal lecture at Savoy Place on the 21st March 
1956 he gave his impressions of American Power Stations 
and the practices employed there, drawing notable compari- 
sons with British practices. The lecture, which was attended 
by 139 members, was organized by the Supply Section, 
and a shortened version of it is published here; after the 
lecture there was a discussion, which is also briefly reported. 
Mr. Kennedy is a partner in the firm of Kennedy and 
Donkin. 


GEOFFREY F. KENNEDY, M.A., M.I.MECH.E., 
A.M.I.C.E., MEMBER 





Owing to the prolonged winter and the severity of the 
weather near the Great Lakes, coal stocks of up to 
800000 tons are carried at each station, and the store is 
compacted and built up to a height of 40 ft. Consolidation 
of the banks and tops by caterpillar machines prevents 
spontaneous combustion in the heap. In this country 
little progress has been made in the mass storing of coal 
at heights much above 12 ft owing to the fear of sponta- 
neous combustion. 

The ratings of the boilers and the quality of the steam 
exceed those at any station in this country. Boilers 
producing 1 3000001b of steam per hour are not extra- 
ordinary and steam pressures and temperatures of 
2 500 Ib/inch? and 1 050° F are commonplace. The highest 
steam temperature observed was 1100°F (at Kearney 
power station) and this has led to the extensive use of 
austenitic steel steam pipes and headers. The welding of 
these pipes has been successfully accomplished with 
appropriate electrodes, and wiih an atmosphere of 
helium on the outside and of argon on the inside of the 
tube during the welding process. 
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Most stations in the United States use turbines on a 
steam reheat cycle, usually reheating to a temperature 
50° F below that of the initial steam. 

The minimum station heat rate claimed is 9000 
B.t.u./kWh, which represents a conversion efficiency 
from coal to electricity of 37-8%. The maximum station 
efficiency ever achieved in this country over a year’s 
working was that of the Portobello power station in 
1954 at 31-46%. 

An investigation of various terminal steam conditions 
allied to the straight and to the reheat thermal cycles 
indicates that increased steam terminal conditions and 
use of the reheat cycle give a greater conversion efficiency 
of heat energy of the steam at the turbine stop valve to 





Kyger Creek power station in course of construction, with one 
of the two reinforced concrete chimneys erected 


shaft power available to drive the rotor of the alternator. 
The efficiencies of the steam-raising equipment and of the 
alternator remain reasonably constant, irrespective of the 
steam terminal conditions at the turbine stop valve. 

The majority of American boilers are fired by pul- 
verized fuel, and in the newer stations they are of the 
pressurized-furnace type, the forced-draught fans pro- 
ducing a positive pressure of from 13 to 30 inches water 
gauge. Alternative firing arrangements using oil and 
natural gas are sometimes provided. 

Induced-draught fans were installed at two stations 
but are not used except for maintenance and cooling. 
The general opinion was that in future installations 
induced-draught fans would be omitted altogether. 

The inspection doors and soot-blower entry doors on 
pressurized furnace boilers are provided with air under 
pressure, the control valves being interlocked with the 
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operating handles, to ensure that they can be opened 
with complete safety. The welded sheet-steel cases of 
pressurized boilers are provided with expansion joints 
to allow for boiler movement. Bellows-type expansion 
joints have been installed in some stations, but are not 
entirely satisfactory. 

Most of the furnaces are of the slag-tap type and 
questions relating to the shift working of such boilers 
were answered somewhat evasively. Probably there are 
only one or two boilers in Britain with furnaces operating 
on this system and it is unlikely that they are being run 
on a shift basis. It is also unlikely that serious considera- 
tion will be given to this type of ash-rejection from the 
furnaces in the designs for the larger boilers now 
contemplated. 

The standard supply frequency in America is 60c/s, so 
that turbo-alternators run at speeds of 1800 and 
3600 r.p.m. The largest sets running in this country are 
rated at not more than 100OMW, but machines of 
150-200 MW and even 220 MW are standard in America. 

The cross-compound type of turbo-alternator con- 
struction has, in the last few years, apparently been 
adopted for ratings of above 150 MW. Some turbo- 
alternator units rated at 150 MW are tandem-compound 
and some cross-compound. All the units in the 220 MW 
range are cross-compound, with the low-pressure and 
intermediate-pressure sections developing about 65% of 
the power at 1800r.p.m., and the high-pressure section 
usually developing 35% of the power at 3600r.p.m. 

Continued operating experience with these large 
machines has suggested that it is not necessary to have 
every bearing available for examination, and some of the 
bearings are arranged internally, thereby shortening the 
length of the unit. This was very evident when walking 
round the turbine rooms, for the low-pressure section of 
a cross-compound machine, itself producing approxi- 
mately 100 MW, appeared to be very little longer than 
the average British 60 MW machine. 

All the turbo-alternators seen are hydrogen cooled, 
and a hydrogen pressure of 301b/inch2 is always allowed 
for. The rating of the alternator depends on hydrogen 
pressure, and the variation of output with hydrogen 
pressure, with 0-S5lb/inch2 hydrogen as a base, is 
substantially as follows: 


15lb/inch2 hydrogen, 15-5 % increase. 
30 lb/inch2 hydrogen, 22-5% increase. 


Some of the alternators on the larger set of the cross- 
compound type have double windings. Alternator cores 
are sometimes attached to the frames by leaf springs, and 
sometimes by flexible rods, to eliminate the 120c/s 
vibrations which might otherwise be transmitted to the 
foundations. 

The technique of starting the generating plant varies 
from station to station, but in all of them the control when 
on load is effected from a central control room. In all the 
stations inspected except one, the control rooms are 
arranged to control two turbo-alternator units each. In 
some instances it is claimed that the whole sequence of 
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starting, running and shutting-down is controlled from 
the control room after the mechanical auxiliary plant has 
been appropriately dressed. 

When starting, a typical 150 MW turbo-alternator is 
run at 800r.p.m. for 40min and then accelerated to 
3600 r.p.m. in 15min, while the load is kept to 30 MW 
for 60 min and then slowly increased to 150 MW during 
the next 60min. It will be noted that a loading of 
2MW/min is thus achieved. A 220 MW set takes from 
six to eight hours to reach full load, the normal loading 
rate after stable conditions have been reached being 
again 2 MW/min. 

Three half-duty centrifugal boiler-feed pumps deliver- 
ing feed water at full pressure through high-pressure feed 
heaters are always installed, and sometimes their speed 
is regulated by means of hydraulic couplings. At one 
station it was noted that the centre pump could be 
supplied electrically from two separate sources. The 
number of feed-water heaters varies from five to eight 
and in general there are two or three stages of high- 
pressure feed-water heating, the remainder being of the 
intermediate- and low-pressure type. Approximately 
80° load can be obtained with one half of each of the 
three high-pressure heater stages out of action. Because 
of their size the high-pressure heaters are sometimes 
duplicated and installed horizontally on separate floors 
in the boiler house at and above boiler-drum level. On a 
station with a 2000Ib/inch? stop-valve steam pressure, 
the high-pressure water heads were tested to a pressure 
of 4500Ib/inch2. The high-pressure heater tubes are of 
alloy steel, sometimes 30 ft long, expanded into the tube 
plates. 

The voltage of generation varies from 13-5 to 20kV, 
and this is stepped up for switching purposes to 132, 220 
or 330kV by transformers. In one of the larger units 
viewed the single winding of the high-pressure turbo- 
alternator and the two windings of the low-pressure 
turbo-alternator are each connected to a single three- 
phase transformer, the high-voltage sides of the three 
transformers being interconnected, phase to phase, 
before the overhead connections are taken to the outdoor 
switchgear. In another unit similar windings are con- 
nected to a bank of three single-phase transformers, the 
primary of each phase consisting of three windings, the 
high-voltage side having only one winding. A spare 
generator transformer, or a spare phase of a generator 
transformer, is carried for each pair of identical machines. 

In two power stations the auxiliary supplies are pro- 
vided by house-service alternators on extensions of the 
shafts of the turbo-alternators, the capacity of the 
alternators being approximately 7% of the maximum 
output of the main generators. Standby to these house- 
service alternators is provided by auxiliary transformers. 
In other stations auxiliary transformers only, with the 
high-voltage connections supplied from the busbars 
and/or from the alternator terminals, are installed. In 
one station where unit auxiliary transformers are pro- 
vided, they are not paralleled with the station trans- 
formers when transferring auxiliary load from one to 


DECEMBER 1956 


the other, but are switched over to the spinning auxiliaries 
with a lsec delay interposed to allow the transformer 
flux to die down. If the transfer switch has not been 
closed after 4sec, it is locked out and a restart of the 
transfer is made. It has been found that with this method 
of operation the pulverized-fuel mills are the only 
auxiliaries with which any difficulty is encountered. 
The speed of construction of power stations, from the 
breaking of ground to commissioning, varies from 
24 months for one unit to 44 months for four units. In 
general—with the exception of the boiler plant, which is 
nearly always purchased with erection—all the plant is 
purchased delivered to site. It is then erected, under the 





A photograph of Muskingum power station, showing the con- 
ventional steel stacks, one per boiler, and transmission lines 
supported by towers on the station roof 





supervision of the undertaking or their consulting 
engineers, either by a construction company which is 
employed on a time and material basis or by the under- 
taking’s own construction staff. 

No provision is ever made for acceptance consumption 
tests; the performance is evaluated by observing the heat 
rate of the unit over a period of time. If it proves unsatis- 
factory the manufacturers are advised. Further researches 
are then carried out to establish where the defect may lie 
and the manufacturer submits proposals for remedying it. 

At two of the stations there are staffs of 176 for 
600 MW (0-29 man/MW) and 135 for 440MW (0°31 
man/MW) respectively. At the former station the shift 
staff consists of sixty operators, and at the latter of only 
twenty-eight. 


Discussion 


In the discussion which followed the lecture, observa- 
tions were added by five speakers—Messrs. F. H.-S. 
Brown, T. W. Wilcox, L. W. Stretton, D. P. Sayers and 
D. Rudd—some of whom had visited the United States. 

They had noticed that chimneys were sometimes 
constricted towards the top to increase the velocity of 
discharge, and believed—as the lecturer later confirmed— 
that chimneys were now built higher to reduce sulphurous 
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pollution. Grit however was discharged more freely than 
in this country, a 6% emission being common. 

One speaker said that although steam was being used 
at 2500lb/inch? and 1050°F the practice was not 
common, and current designs showed a relaxation. 
Difficulties had recurred in the welding of austenitic 
steel. He forecast that American practice might settle at 
figures of 2000 1b/inch2 and 1050°F. The size of the sets 
had reached 325MW and manufacturers felt able to 
build units of SOOMW, but transmission engineers 
believed that the capacity of a single unit should not 
exceed 10% of the capacity of the system. 

The same speaker explained that very large sets, or sets 
fully prepared for installation, were readily shipped from 
American factories because the railways would accept 
loads of 230 tons, whereas the limit in this country was 
160 tons. He also described how the supply frequency, 
and hence the speed, of American machines affected the 
mechanical parameters of the turbine, and inclined the 
designer towards cross-compounding, although there 
were tandem-compound sets of 200 MW in use and some 
of 270 MW intended. There was less standardization than 
might be expected because competing manufacturers did 
not press preferred sizes or steam conditions. 

It was agreed that the pressurized boiler was now less 
popular in America. The coal-handling equipment, 
however, gave good service: coal in hand outlasted any 


periods of maintenance of the rubber conveyer belts, and 
standby conveyers were not needed. But even the 
improved types of this equipment might not be entirely 
suitable for British coals. 

Several speakers referred to the centralized controls in 
American stations; they stated that one station of 
600 MW employed a shift of only thirteen men and that 
another had only four men in the control room and three 
in the station, the policy being to shut down a set without 
compunction if any abnormality appeared. There was the 
suggestion, however, that the controls were becoming 
complex and over-developed. On the other hand, the 
outgoing switchgear was not brought under the central 
control. 

The use of standard transformers, switchgear, and 
motors in the American unit scheme for sets of 200 to 
300 MW was well thought of. Cables in synthetic rubber 
instead of lead covering were also approved for obviating 
cable boxes and thus saving space, but the American 
use of busbars in metal trunking was felt to be expensive. 

Referring to outdoor power stations, a speaker 
suggested that in England operating costs might dissipate 
any capital savings. American practice in alternator 
excitation had been observed by the lecturer and by 
several others in the discussion, who noted that rectifier 
methods were at present under investigation with small 
turbo-alternators. 


The Incorporated Benevolent Fund: Annual Report 


of Governors of the Incorporated Benevolent Fund of 

The Institution for the period Ist July 1955 to 30th June 
1956, as presented at the Annual General Meeting held on the 
17th October 1956. The Report, together with the Accounts, 
was circulated with the September Journal. Further copies can 
be obtained on application to the Honorary Secretary of 
the Fund. 

The total capital of the Fund stood at £141819 on the 
30th June 1956. Subscriptions and donations in the year 
showed a small decrease from £12854 (1954-55) to £12629. 
This amount is insufficient to cover normal expenditure, and 
the Court earnestly appeal to non-subscribing members to 
support the Benevolent Fund of their own profession. Six 
legacies were received, amounting to £465. 

Grants were made to 125 beneficiaries, and in assisting 
these persons the Fund also gave support to 106 dependants. 
The amount of these grants was £8820 and the average 
amount distributed per beneficiary during the year was 
approximately £70. The Court acknowledge with pleasure the 
co-operation they have received from the governing bodies 
of related Funds in dealing with cases in which there is a 
mutual interest. 

The Fund now has six beneficiaries resident in the Crossways 
Trust homes at West Worthing, Brighton, and the home for 
the infirm at Englefield Green, to which a further unit of 
£1000 has been subscribed, thus enabling one more resident 
to be accommodated. This type of accommodation has proved 
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the most suitable for elderly people who are no longer able to 
cater for their own needs. ; 

Homes Fund. The total amount received in subscriptions 
and donations from the inception of the Fund to 30th June 
1956, was £37043, and in addition 228 members have signed 
Deeds of Covenant for the payment of subscriptions for a 
period of seven years. : 

The Chesters. All the sixteen houses on the estate are 
occupied and are enjoyed by the beneficiaries who are 
resident there. 

Wilde Fund. The accounts of the Wilde Fund have been 
published in the Journal (July 1956, p. 406). 

Lord Hirst Fund. This Fund exists to assist financially 
persons who apply for help and are recommended to the 
Trustees by the Court of Governors of the Benevolent Fund 
as deserving it, and as having rendered important services to 
electrical science, the electrical industry or electrical engineer- 
ing. Assistance can also be given to the dependants of such 
persons. 

On the 30th June 1956 the Fund comprised: 


£11543 3 10 
£3496 19 2 


Capital Account investments 
Income Account investments 


These produce an annual income of about £457. The unin- 
vested balance of the Income Account was £18 10s. 8d. 
Grants totalling £305 were made from the Fund during 
the year. 
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A REVIEW of the 





Proceedings, Parts A and B 





SHORT REVIEWS OF PAPERS 


Mine Locomotives 


A short review of a Utilization Section paper (No. 2106) 
with the above title by T. E. Green, M.I.Mech.E., Associate 
Member. The paper was published individually in May 
1956, and it is republished this month in Part A of the 
Proceedings. 


THERE ARE NOW OVER 800 LOCOMOTIVES AT WORK IN 
British coal mines, 75% of them Diesel-driven and the 
remainder of the electric-battery type, other than one 
prototype installation of four pantograph locomotives. 
Except for the four pantograph units, all are of flame- 
proof construction, and are specially designed for 
operation under the onerous conditions which obtain in 
mine roads. 

The physical conditions and the safety regulations 
together are severely restrictive. Mine roads are always 
tending to move slightly, with damaging effects on track 
alignment, whilst the strong current of ventilating air is 
heavily laden with fine dust. The gradients may vary 
from level to 1 in 15—the maximum permissible for 
locomotive haulage—often with sharp curves. In addi- 
tion there is always the initial problem of transporting 
the locomotive down the shaft, and to facilitate this the 
larger sizes are often built with removable cabs or with a 
frame which can be divided into two halves. All electrical 
equipment is enclosed in flameproof cases (except in the 
pantograph locomotives), whilst Diesel-driven units must 


1 /0-ton 75h.p. Diesel locomotive 
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have flame traps on the inlet and exhaust apertures. The 
exhaust gas must be cleaned and cooled, and this is 
usually done by passing it through a tank of water. 
Some forty designs have been evolved to meet these 
conditions. The design generally favoured at present is 
a 2-axle locomotive with a driving cab at each end, the 
wheel-base and overhangs being approximately equal 
thirds of the length over the buffer beams. The largest 
used so far weighs 15 tons and develops 100h.p. Recom- 





2 14-ton 90h.p. battery locomotive 


mended track gauges are 2ft, 2ft 6 inches, 3ft and 
3 ft 6 inches, with the middle two sizes preponderating. 

A typical modern Diesel locomotive is shown in Fig. 1. 
The engines are normally aspirated, four-stroke, in-line 
units developing up to 17h.p. per cylinder, and running 
at 1100-1700r.p.m. The basic designs of the traction 
motors and control equipment follow standard well- 
proved lines, simplicity of layout and accessibility for 
maintenance being even more essential than usual. 

Modern battery locomotives are similar to that shown 
in Fig. 2. Only the lead-acid type of battery is as yet 
permitted, and this must be in a steel container with a 
specified degree of ventilation. 

Electric pantograph locomotives (Fig. 3) are only just 
being introduced into'the coal mines in this country, and 
(since by their nature they cannot be made flameproof) 
installations of this type are subject to special conditions. 
For example, they must use only direct current with a 
maximum voltage of 250 volts, whilst there are also 
regulations about clearances, distribution, track bonding 
and certain features of the locomotives. 
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In general, battery locomotives have proved very 
satisfactory on near-level roads, but the heavy reduction 
in battery capacity at high rates of discharge is a severe 
limitation on gradient roads. Except for special panto- 
graph installations, only the Diesel type is practicable on 
inclines exceeding about | in 60. 

The problems of maintenance and servicing in under- 
ground garages have proved difficult, but by no means 
insurmountable. If Diesel engines are to be maintained 
in first-class order, they need good conditions and 





skilled attention, both of which are difficult to provide 
in a mine. The maintenance of electric-battery loco- 
motives is a good deal easier, but the apparently simple 
problem of changing the battery has often caused trouble. 

The most critical problem is that of braking. The 
service brake on all the larger locomotives is a compressed- 
air brake, and train weights.and operating speeds are 
suitably restricted to ensure that all running is done with 
a maximum degree of safety. It is often very difficult to 
decide where the limits of safe operation lie, and no 
problem in mine-locomotive haulage is receiving more 
attention than this one. 

The principal operating hazards arise from the nature 
of the source of motive power. The cycle of charge and 
discharge of a lead-acid battery releases hydrogen, which 
is of course highly inflammable. Since a flameproof 
enclosure is out of the question, safety is based on 
adequate ventilation. The high gas temperatures of 
Diesel locomotives result in correspondingly hot surfaces, 
which are quite capable of igniting coal dust unless 
adequate precautions are taken. Further, the exhaust 
gases contain lethal elements, which may only be dis- 
charged into the general air of the mine if they are safely 
diluted by the ventilation. 

Present policy is to concentrate every effort on 
improving available types, whilst at the same time an 
unremitting search goes on for new ones. 

622.625.28 : 621.335.3 
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Polarized V.H.F. Reception 


A short review of a Radio and Telecommunication Section 
paper (No. 2184) entitled ‘Polarization Discrimination in 
V.H.F. Reception’, by J. A. Saxton, D.Sc., Ph.D., 
Member, and B. N. Harden, M.Sc. The paper was published 
in November 1956 in Part B of the Proceedings. 


SINCE THE NUMBER OF CHANNELS AVAILABLE FOR TELEVISION 
and sound broadcasting in the v.h.f. band is limited, it is 
necessary to operate two, and sometimes more, trans- 
mitters on the same frequency in order to achieve a 
satisfactory coverage of an area such as the United 
Kingdom. Under these circumstances the common- 
frequency stations must be spaced in such a manner that 
the mutual interference between them does not exceed 
some specified tolerable limit. The required distance 
apart depends mainly on the variation of propagation 
characteristics with meteorological conditions; but it is 
possible to achieve some reduction in the distance so 
determined by the use of different polarizations for the 
separate transmissions. 

The paper describes measurements of the difference in 
received signal obtained with a receiving dipole aerial 
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PERCENTAGE OF SITES WHERE ORDINATE IS EXCEEDED 
Basic polarization discrimination factor in the v.h.f. band 





oriented first parallel to the electric field of the trans- 
mitted radiation, and then with the dipole rotated 
through a right angle to the cross-polarized position. The 
receiving dipole, which was 9m above the ground, was 
connected by a balanced screened-twin feeder through 
a wide-band balance-to-unbalance transformer to the 
unbalanced input terminals of a calibrated receiver; it 
should be realized that the conditions of reception 
normally encountered in practice are generally of a 
less ideal nature. Observations were made at various 
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frequencies in the range 41-5 to 191-25 Mc/s, and at 
distances of 19 to 208km from the transmitter. The 
receiving locations were typical of those to be found in 
both urban and rural districts. 

The detailed results of the investigation are presented in 
the table, and the measurements show that the discrimina- 
tion obtained by the use of orthogonal polarizations for 
common-frequency transmissions depends primarily on 
perturbations of the field at the receiving aerial produced 
by objects close to it. The discrimination does not vary 
significantly with frequency (over the range covered) or 
with distance from the transmitter, and it appears also 


Discrimination at various frequencies 

















Number Discrimination 

Band) Frequency! Polarization of Distance exceeded at 

sites 10% | 50% | 90% 
of sites 

Mc/s km dB dB dB 
I 41-5 Vertical 55 19-62 27 18 13 
58-25 Vertical 55 133-176 | 24 18 11 
63-25 Vertical 55 155-208 | 22 16 10 
II 89-1 Horizontal | 116 43-120 | 28 19 12 
93-5 | Horizontal} 116 43-120 | 28 19 12 
Ill | 191-25 Vertical 123 14-60 30 | 20 12 





























to be independent of the initial polarization of the 
radiation. The graph provides a guide to the basic 
polarization discrimination factor which should be 
achievable in the v.h.f. band. In practice the discrimina- 
tion actually obtained will be influenced by such factors 
as pick-up on the feeder, aerial misalignment and the 
directional properties of the receiving aerials, the impor- 
tance of which it is difficult to assess in any definite 
manner. These factors are discussed in some detail in the 
paper; they may produce effective discriminations either 
greater or less than those given in the graph, but it should 
be noted that, when the pick-up on the feeder is a 
significant fraction of that on the aerial, there will be a 
definite trend towards smaller discrimination. 
621.396.8.029.6 


Breakdown of Solid and Liquid 
Dielectrics 


A short review of a Supply Section paper (No. 2050) 
entitled ‘Breakdown under Impulse Voltages of Solid and 
Liquid Dielectrics in Combination’, by W. G. Standring, 
M.A., and R. C. Hughes, B.Sc. The paper was published 
individually in April, 1956, and it is republished this month 
in Part A of the Proceedings. 


IN ELECTRICAL EQUIPMENT CONTAINING SOLID AND LIQUID 
insulation, such as transformers and switchgear, break- 
down usually begins by discharges in the liquid. It may 
then proceed either by puncture through the solid insula- 
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voltage, 


F lashover 


voltage, 
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tion, or by flashover along the solid-liquid interface, or 
by a combination of both. In view of the continual rise 
in the voltages used in the supply industry it seems 
desirable to give designers all possible help by providing 
general information on the factors affecting impulse 
breakdown of solid and liquid dielectrics in combination, 
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1/50 microsec waves. 
Curve 1. Two 1/4-inch (6-4 mm) sheets. 
Curves 2-5. Two to five 1/16-inch (1-6mm) sheets. 





especially at the higher voltages. As a result of an 
investigation, so far limited to a study of breakdown by 
either puncture or flashover separately, it appears that a 
degree of generalization is possible which may be useful. 
If not suitable for direct application, such information 
as that given in the paper may reduce the work necessary 
for the development of new designs, by eliminating the 
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need to consider some variables, by indicating qualitative 
preferences, or by suggesting more convenient forms of 
test sample than an actual model of the proposed system. 

In Fig. 1 is shown the relation between electrode 
separation and puncture voltage of alternate layers of 
pressboard and oil, the separation between the press- 
board sheets being maintained by pieces of pressboard 
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3 Arrangement with large component of stress normal to 
dielectric surface 


packing. An advantage, which increases with electrode 
separation, is evident in the use of thin sheets. The 
puncture voltage does not depend on the shape of the 
electrodes, being the same for a sharp-edged cylinder as 
for a 15cm-diameter sphere. This is attributed to the 
initial discharges which radiate from the electrode. The 
voltage drop in these discharges is small, so that any 
electrode is converted in some degree into a plane 
electrode. 

Data on flashover along the surface of pressboard 
tubes between two foil electrodes wrapped round the 
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tubes, or between two discs 48cm in diameter through 
the centres of which the tubes pass, are given in Fig. 2. 
The flashover voltage does not depend on the diameter 
or wall thickness of the insulating tube but is much 
affected by the electrode dimension normal to the tube 
surface. Curves for electrodes intermediate between the 
extremes mentioned begin on the curve for discs and 
move towards the other. 

Flashover in the presence of a large component of 
stress normal to the solid dielectric surface, as in the 
arrangement shown in section in Fig. 3, is the same for 
tubes obtained by rotation about the axis BB as for 
sheets obtained by rotation about the axis AA, and does 
not depend on the dimensions of the isolated electrode. 
Flashover data for an insulation thickness of 13 mm are 
given in Fig. 4. 621.315.61 : 621.317.333.8 : 621.3.015.5 


Paper Insulation 


A short review of two Supply Section papers (Nos. 2024 
and 2025) entitled ‘Physical Properties and Impulse 
Strength of Paper’, by H. C. Hall, M.Sc., and E. Kelk, 
M.Sc., A.dnst.P., Associate Member, and ‘The Impulse 
Strength of Lapped Impregnated Paper Dielectric’, by 
H. C. Hall, M.Sc., and D. J. Skipper, B.ScEng.). The 
papers were both published individually in April, 1956, and 
they are republished this month in Part A of the Proceedings. 


IN THE DESIGN OF HIGH-VOLTAGE PAPER-INSULATED 
power cables the impulse strength of the insulation is of 
paramount importance. A knowledge of the factors 
controlling the impulse strength of oil-impregnated paper 
dielectric is therefore essential to the cable manufacturer. 
The cost and effort involved in making a sufficiently 
comprehensive and detailed study using full-sized cables 
would be prohibitive. The alternative approach is to 
carry Out an investigation using laboratory techniques 
and small models, followed by selected confirmatory 
tests on full-size cables. 

The papers describe the results of such an investiga- 
tion, which attempts to estimate the effects of the physical 
properties of the paper and the impregnant. It also deals 
with the method of construction of the lapped dielectric, 
with electrode effects, and with a variety of test con- 
ditions and procedures. The use of cylindrical models 
consisting of several layers of helically lapped paper 
tapes (as in a cable), to a wall thickness of 20—60 mils, has 
in general proved adequate for the above studies. 

In studying the effect of the physical properties of 
paper, it was found necessary to supplement this work 
by investigation of the properties of single sheets of 
paper, because it became evident that local variation of 
structure was important. A technique was devised for 
making impulse tests on }-inch-diameter circles of 
impregnated paper, and the histogram of Fig. 1 shows 
the effect of the local variation upon breakdown voltage. 
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The wide scatter in breakdown voltage is found to be 
associated with variations in local thickness, air imper- 
meability, apparent density, transparency, etc. 

For example, the histograms of Fig. 2 illustrate the 
extent of the variations in local thickness found with two 
different insulating papers. These measurements were 
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obtained with an electro-micrometer fitted with 4-inch- 
diameter ball anvils. As is to be expected, the choice of 
anvil diameter is found to have a very marked effect 
upon: the thickness variations recorded. The use of a 
papermaker’s standard micrometer (covering 4 inch2), 
for example, fails to show the kind of variation exhibited 
in Fig. 2. 
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The site of impulse failure in a single sheet of paper 
is very small (less than 0-005 inch diameter), and is found 
to occur preferentially at spots of local thinness or local 
light transparency. This suggests that assessment of 
variation of local physical properties on a very small scale 
is desirable. One convenient method is the use of a 
surface-profile gauge fitted with a diamond exploring 
stylus having a tip radius of 10~* inch. Though this 
measures the uniformity of only one side of a paper, it 
has the advantage not only of the high resolution obtain- 
able with the small stylus, but also of giving readily a 
numerical measure of the surface uniformity—the 
so-called centre-line-average, or c.l.a., value. 

The importance of this measure becomes apparent 
when correlation is sought between the mean impulse 
strength and the physical properties of a wide range of 
different insulating papers. It is found that for single 
sheets of paper there is a dependence of mean impulse 
strength upon apparent density, but that the impulse 
strength can be the more closely defined in terms of air 
impermeability in conjunction with the c.l.a. value. Thus, 
an insulating paper of high density generally tends to give 
a high mean impulse strength; but the probability of 
obtaining a high strength is considerably greater if, 
instead of adopting density as the sole criterion, the paper 
is specified to have a high air impermeability coupled 
with good uniformity, i.e. a low c.l.a. value. 

The dependence of impulse strength upon local paper 
structure persists, but is naturally reduced, when the 
paper is tested in multi-layer form. With lapped multi- 
layer dielectrics with oil-filled butt spaces (as in full-sized 
cables or in cable models) the presence of the butt space 
localizes the point of failure and introduces a dependence 
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of the impulse strength of the whole dielectric upon mean 
paper-tape thickness. This is shown clearly in Fig. 3, 
where decrease of mean impulse strength with increase 
in paper thickness is shown for both a high- and a low- 
viscosity impregnant. With single-sheet tests the mean 
impulse strength is found to be independent of paper 
thickness. That the paper-thickness effect is really a butt- 
gap-depth effect is also shown by the fact that the same 
mean impulse strength is obtained in a model whether 
each helical lapping in the dielectric consists of a single 
tape or of several thinner tapes, superimposed and 
registered to give the same depth of butt gap. 

Though the butt gap localizes the point of failure, 
and to some extent determines the breakdown level of 
the whole dielectric, the level is also dependent upon the 
properties of the paper. 

For model cables, as with single sheets, a high-density 
paper is associated with a high impulse strength, as is 
seen from Fig. 4. From this Figure, for model cables, the 
effect of density is seen to be more marked with the low- 
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4 The effect of paper density on impulse strength 


viscosity impregnant. Again, as with single sheets, it 
proves that the joint effect of high air impermeability 
and good uniformity is more important than that of 
high density, though naturally the effect is not so great 
as for single sheets. 

The effect of the impregnant upon impulse strength 
depends mainly upon its viscosity at the time of test, 
increase in viscosity resulting in an increase of the impulse 
strength, as shown in Fig. 5. In obtaining the data in 
this Figure, viscosity was varied not only by choice of 
compound, but also by varying the test temperature. 

Variation of the registration of the paper tapes, which 
determines the number of butt spaces in radial alignment 
throughout the dielectric, has a significant effect, the 
impulse strength increasing by about 20% as registration 
is changed from 50/50 to 75/25. 
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With a relatively small number of applied impulses 
before failure, the impulse strength of fully impregnated 
dielectric is independent of applied gas pressure 
(200 Ib/inch2), but with partial draining and the conse- 
quent removal of compound from the butt spaces, the 
impulse strength becomes highly pressure-dependent. 
However, with a large number (several hundred) of 
applied impulses before failure, the strength is to some 
extent pressure-dependent, suggesting that the result of 
a large number of impulse applications is to produce 
gaseous cavities within the dielectric. The normal method 
of impulse testing is to apply a series of impulses at 
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5 The effect of compound viscosity on impulse strength 





gradually increasing levels, while under service conditions 
the dielectric is usually subjected to a single impulse. 
Hence the ‘single-shot’ strength was measured by a 
sequential procedure, and found to be somewhat lower 
than the value obtained by the normal method. This is 
to be expected in view of results of tests with and without 
reversal of polarity. The introduction of polarity reversal 
is found to produce a marked reduction in impulse 
strength, consistent with the view that the application of 
an impulse sets up space charges within the dielectric 
which tend to oppose the applied field. 

A significant effect upon impulse strength is found to 
be associated with electrode area. For one particular 
assembly, doubling the effective electrode area had the 
effect of reducing the apparent impulse strength by 
about 2%. This is insufficient to account for a very 
significant effect found to be associated with the diameter 
of the conductor. A change of conductor diameter from 
5/16 inch to 5/8 inch reduced the strength by about 10%. 
Theoretical calculation shows that the maximum stress 
at the surface of a stranded conductor is considerably 
greater than that of a smooth conductor having the same 
overall diameter, and this might be expected to lead to a 
comparable reduction in strength. But models in which 
the increase in stress was computed to be about 20% 
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failed to show any significant reduction in strength. 
It seems, therefore, that the use of a theoretically derived 
‘stranding factor’, to correct maximum impulse strength 
for the effect of stranding, is not justified. 

From the foregoing work, the authors conclude that 
impulse failure of a lapped impregnated-paper dielectric 


is initiated in the region of the butt spaces, and may 
possibly be considered as a two-phase process; the oil- 
filled butt gap becomes partially conducting, and this is 
followed by the failure of the impregnated paper in series 
with it. Both phases influence the level at which failure 
takes place. 621.315.614.6 : 621.3.011.5 : 621.3.015.5 


Papers read at the Convention on Electrical Equipment of Aircraft, May 1956 


The following are short reviews of a first selection of the papers read at the Convention on Electrical Equipment 
of Aircraft, which was held by The Institution from the 2nd to 4th May 1956. The complete papers are being 
published in a special supplement to Part A of the Proceedings, as announced in the September Journal, p. 567. 
The short reviews of the papers are given here in the order in which they were read. 


Electricity in Aircraft 


Paper No. 2062 entitled ‘Electrical Equipment in Aircraft: 
Survey of Past and Present Practice and Future Trends in 
Design’, by S. F. Follett. 


THE PAPBR DESCRIBES BRIEFLY THE DEVELOPMENT OF 
aircraft electrical power-supply systems from the earliest 
days of flight until the present time. The unusual condi- 
tions which the aircraft electrical engineer has to meet in 
the operation of his equipment are considered, and the 
future problems which he will have to overcome as a 
result of improved aircraft performance are discussed. 

The review shows that aircraft electrical equipment 
has advanced from the position of useful but not essential 
equipment to that of equipment whose correct functioning 
may be essential to the safety of the aircraft. 

Electrical equipment in aircraft must conform to the 
highest standards of electrical engineering practice, 
since a small failure may have more serious consequences 
than in any other field of electrical engineering. This high 
standard, moreover, has to be achieved under conditions 
of exceptional difficulty. 621.311.28 : 629.135 


Uses of Electricity in Aircraft 


Paper No. 2067 entitled ‘Factors in the Utilization of 
Electrieal Power in Aircraft’, by H. Zeffert, F.R.Ae.S. 


THE INCREASE IN THE USE OF ELECTRICAL POWER IN 
aircraft has confronted the designer with numerous 
problems. The paper deals with some of them and 
reviews progress made. 

Paramount factors affecting application of electrical 
power are safety and weight. The former applies particu- 
larly to flight controls, and stringent requirements have 
been laid down for civil and military aircraft. Indissolubly 
wedded to weight are the whole economics of flight. For 
example, a large jet transport capable of non-stop 


DECEMBER 1956 


crossings of the Atlantic may have a pay load of only 
10% of its total weight. Any excess due to additional 
equipment (of which electrical, including radio, equip- 
ment predominates) must reduce this figure still further. 

One of the earliest electrical applications was the 
provision of identification lights. To-day, with intensified 
night flying and hazard of collision, all aircraft conform 
to international regulations which govern colour and 
flashing sequence of navigation lights. Night landings 
have also made necessary the carrying of powerful 
forward illumination. Lamps for this purpose are 
retracted into each wing and lowered by motorized 
control when approaching the runway. 

Folding undercarriages require indication of their 
position to the pilot by means of a system of indicator 
lights. Protection against accidental retraction whilst on 
the ground is also necessary. Problems encountered in 
applying electrical actuation to heavy undercarriages 
are many. Chief factors are time and Joad requirements 
in raising and inertia in lowering. To protect the aircraft 
structure from the shock load applied when the under- 
carriage comes to rest in the up and down lock positions, 
a multiple clutch is used as a shock absorber. Provision 
of an emergency motor, in case of the failure of the main, 
is one of many safety factors incorporated. 

One of the main demands for electrical power is for 
flap operation. Time and inertia are dominating factors, 
coupled with a need to hold position at angles of up to 
45° against the air stream. This is achieved by use of an 
electromagnetic brake in series with the operating motor. 
Failure of the flap main shaft between wings would 
result in catastrophic loss of control. Methods of protec- 
tion have been used, varying from simple manual tripping 
of the main power supply to comparison circuits giving 
cancellation at predetermined phase difference. 

On high-speed aircraft, the amount of elevator control 
for both high and low speeds cannot economically be 
catered for. To overcome this, electrically actuated 
movable tail planes are fitted, giving the pilot a means 
of cancelling hinge moments arising during flight. 
Though the movement required is relatively small, the 
load exerted can be considerable under emergency 
conditions. As with undercarriages and flaps, safety 
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requirements are exacting both in mechanical and circuit 
design. 

With the increase in aircraft speed and size, the stick 
force applied by the pilot becomes totally inadequate. 
Controls must be servo operated. Two problems arise— 
loss of pilot ‘feel’, and the risk of breaking the aircraft 
by the application of excessive control angles. In both 
instances the electrical system contributes to the solution. 

Hitherto an exclusively ‘hydraulic application, bomb 
doors can now be electrically operated. On a large 
bomber the doors may be of considerable length, 
necessitating three drives along its length to prevent 
sagging. Such a system can be arranged to provide 
continued drive in case of the failure of any one unit. 

Of all electrically controlled mechanisms in modern 
aircraft, the propeller system is the most complex and 
demanding in safety precautions, involving seven separate 
functional requirements. Two of these, at least, could be 
lethal in the event of circuit failure. On propeller- 
turbine engines it is often necessary to control the 
minimum blade angles between different limits on the 
ground and in the air. This is done by electro-hydraulic 
means. 

Safety of the aircraft during icing conditions poses 
another electrical problem. Difficult aircraft contours 
require the use of conducting mats for this purpose, and, 
to conserve the power supply, cycling of various sectors 
is resorted to. For de-icing of the pilot’s windscreen, 
conducting glass panels are used with automatic control. 

Passenger and crew comfort is also the responsibility 
of the electrical system in providing power for refrigera- 
tion in hot climates, control of heating in cold, and for 
pressurizing of cabins at high altitude. 

The use of radio and radar on aircraft calls for alterna- 
ting current at various frequencies and voltages, and also 
for a 28-volt d.c. supply from small in-built inverters. It 
is sometimes said that paralleled 400c/s a.c. systems 
would introduce reductions in weight, but generally this 
is not true, because the constant-speed units required to 
control the system outweigh even large inverter systems. 

621.316.1: 629.13 


Radio Power Supplies 


Paper No. 2105 entitled ‘Aircraft Radio Power Supplies: 
a Survey’, by B. J. O'Kane, Ph.D., B.Eng., Associate 
Member. 


A HISTORICAL REVIEW SHOWS HOW LOAD REQUIREMENTS 
have increased as radio installations have become more 
and more elaborate to meet the needs of air-traffic control 
and navigation. 

The paper deals with the characteristics of a.c. and 
d.c. systems, and indicates that for the equipment 
designer an a.c. system is much to be preferred. The 
required voltage and frequency tolerances are discussed, 
and mention is made that although equipment using 
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alternating current is at present designed for an input of 
115 volts, 400c/s, future primary aircraft supplies seem 
likely to be standardized at 200 volts. This may be an 
advantage when all factors are taken into consideration, 
but to the radio designer it is a disadvantage. Tolerances 
proposed for a.c. systems are +24% in voltage and 
+3% in frequency. 

A.C. systems are preferred for several reasons, the 
main ones being the elimination of small continuously 
running rotary transformers for receiver h.t. supplies, 
and the ability to run valve heaters in parallel, both of 
which make for greatly increased reliability. 

For radio purposes, the controlled alternating current 
in modern British aircraft is quite inadequate, particu- 
larly when compared to that available in equivalent 
American aircraft. 

Future requirements include the use of a constant- 
frequency primary a.c. supply, and the possibility of 
centralized power units for the radio equipment. 

621.311. 6 : 629.135 


Airworthiness 


Paper No. 2086 entitled ‘The Airworthiness and Reliability 
of Aircraft Electrical Systems’, by J. F. Lewis, B.Sc.(Eng.), 
Member, and E. Lloyd, B.Sc.(Eng.), Associate Member. 


THE GROWTH OF AERONAUTICAL ENGINEERING HAS BEEN 
extremely rapid during the last fifty years, and especially 
so since about 1940. During this latter period the 
applications of electrical equipment in aircraft have also 
increased very rapidly, and the combination of these two 
factors has resulted in a development programme which 
has taxed very severely the national resources in this 
specialized section of the aircraft industry. 

Standards applying directly or indirectly to the 
electrical systems are published by the Air Registration 
Board (for civil aircraft) and by the Ministry of Supply 
(for military aircraft). Written standards must always be 
read with a full understanding of the special conditions 
applicable, and of the operational hazards which can 
result from electrical failures. 

The paper outlines the background of experience of 
electrical hazards, and points out some of the precautions 
which must be taken. More detailed guidance to those 
with limited experience is probably desirable, but there 
is another very important factor in achieving safe and 
serviceable aircraft electrical systems. This factor is the 
need for a keen sense of personal responsibility in every- 
one concerned at all stages of specification, design, 
development, manufacture and installation of every 
electrical system and component in an aircraft. 

The graph shows the steady decrease in accidents per 
million aircraft-miles recorded for civil aircraft (a) in the 
United States and (5) in the United Kingdom, and it is 
assumed that a total accident rate of 0-03 per million 
aircraft-miles is the highest which can be tolerated. 
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Of these accidents the number attributable to lack of 
airworthiness is between 9 and 29% of the total per 
annum, and the number in which the cause is primarily 
electrical has been less than 1% in each year. With the 
greatly increased use of electricity in ways which affect 
airworthiness, the proportion of accidents due to 
electrical causes is certain to become higher, but should 
not reasonably exceed 20% of the total accidents. This 
gives a maximum tolerable rate of accidents due to 
electrical causes of 6 per 10° aircraft-miles or roughly 
1 per 10° aircraft-flying-hours. 

The extent to which main power supplies must be 
separated is related to the degree of dependence of the 
safe flight of various categories of aircraft on the electrical 
system. Types of electrical fault which could give rise to 
catastrophic behaviour of essential aircraft services are 
studied, and some methods of avoiding them are 
suggested. 

In an aircraft which carries large quantities of fuel and 
uses other inflammable fluids at high pressures, the 
extensive use of electricity may involve a considerable 
risk of fire or explosion. The paper describes some of the 
risks and the measures taken to meet them. 

In considering acceptable standards of reliability, an 
interesting point arises regarding the effect of multiplica- 
tion of unit pieces of equipment to achieve such stan- 
dards. The table shows the probability of one particular 
unit failing in a single flight, if the total probability of all 
units failing is to be constant and equal to 10~°, and 


Effect of multiplication of items on acceptable reliability of each 
item, assuming constant overall reliability 








aol a Probability of | Probability of | Probable total 
Multiplication one particular all items failures per 
item failing failing 1 000 flights 
nee unit .. 1 in 106 > : 2 
uplicate units 1 in 10° . 
Triplicate units... 1 in 102 1 in 10° 30 
Quadruplicate units 1 in 32 128 
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1950 1955 


relates this to the total number of units which would 
probably fail in 1000 flights. The table neglects the 
effect of ancillary switchgear. It will be seen that while it 
is reasonable to duplicate items, any further multiplica- 


tion may lead to a severe maintenance penalty. 
621.311.28 : 629.135 


D.C. System for a Flying Boat 


Paper No. 2057 entitled ‘The Medium-Voltage D.C. 
System in Aircraft and its Application to the Princess 
Class Flying Boats’, by A. Ball, B.E.M., and R. N. Lake, 
B.Sc.(Eng.), Associate Member. 


THE PRINCESS CLASS FLYING BOATS (FIG. I) WERE AN 
immediate post-war development in aviation, and were 
designed to be capable of carrying 100 passengers in 
luxury on an all-the-year-round Atlantic crossing, at a 
total weight of 140 tons. The aircraft were powered by 
ten propeller-turbine engines, arranged as two single and 
four coupled units, the latter being the prime movers 
for the generators of 168kW capacity. Three of the 
flying boats were constructed, and the prototype com- 
pleted 100 hours’ flying before the boats were laid up 
and ‘cocooned’. 

At the time of the design no constant-speed drive units 
were available in this country, and in selecting an 
electrical system for the Princess the final choice in 
favour of d.c. generation in the medium-voltage range 
was made largely on account of the anticipated availa- 
bility and reliability of suitable equipment. The decision 
was substantiated at a later date by test results and 
actual performance. Location of the majority of the 
motorized equipment within the pressurized hull, 
resulting in the elimination of the high-altitude brush- 
wear problem, was a further advantage. 
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1 A Princess class flying boat 


The selection of the d.c. medium-voltage electrical 
system for present-day aircraft is supported by the 
existence of proved designs of switchgear and generating 
equipment, with resulting elimination of the delay 
associated with the development of new equipment. The 
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d.c. series-motor characteristic is ideal for aeronautical 
purposes and a range of standard motor sizes has been 
developed. The system would be compatible with 
efficient utilization of aircraft and low operating costs, 
and a further advantage of the choice would be the easier 
recruitment and training of maintenance personnel for 
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2 Schematic of 


d.c. systems, on account of their relative simplicity com- 
pared with a.c. systems. 

The medium-voltage supply system on the Princess 
comprised four 39kW generators paralleled in pairs to 
port and starboard busbars, each generator being 
controlled at 126 volts +24% by automatic carbon-pile 
regulators, which incorporated a load-sharing circuit. 
A 63 Ah 108-volt battery connected to the battery busbar 
was linked by a ring-main distribution system to the 
generator busbars and the two load busbars. The system 
was designed for fully automatic operation, generators 
being brought on line when their speed rose above the 
minimum operating speed and disconnected when they 
fell below this speed by the use of differential cut-out 
units. Protection was provided against reverse generator 
polarity, over-voltage, reverse current, cable faults and 


3 Part of the flight engineer’s panel 


The controls of the generating system occupy the tetragonal panel 
at the far end. 


busbar faults, whilst all load circuits incorporated 
overload and fault protection. A single generator system 

is shown in Fig. 2, and the control panel in Fig. 3. 
The complete system showed a high reliability, largely 
owing to the extensive testing that preceded its installa- 
tion. In these tests the complete generator system was set 
up as installed on the aircraft, with simulated cable 
lengths, whilst the principal loads were also rig tested. In 
the subsequent hundred hours of airborne use the elec- 
trical installation was entirely satisfactory and no flying 

had to be arranged especially for electrical purposes. 
621.316.174 : 629.135.5 
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Rectified-A.C. Systems 


Paper No. 2071 entitled ‘Rectified-Alternating-Current 
Generating Systems in Aircraft’, by P. L. Cronbach, 
B.Sc.( Eng.). 


RECTIFIED-A.C. SYSTEMS WERE INTRODUCED TO PROVIDE 
flexible power systems free from the short-comings of 
d.c. generators, such as high-altitude brush wear. They 
also provide power over the wide speed ranges which 
occur on aircraft engines. D.C. distribution was used for 
all main loads (except heaters) since these mostly require 
constant-speed drives. 
Three main types of system have been developed. 


(a) The single-voltage system, with an alternator 
wound to give 28-volt d.c. outputs from rectifiers. 

(b) The double-voltage system, with a high-voltage 
alternator. The variable-frequency alternating current is 
used for de-icing heaters, and a portion of the output is 
transformed and rectified to provide direct current at a 
voltage of 28 volts. 

(c) The triple-voltage system, with alternators which 
have one or two output voltages. Variable-frequency 
alternating current is used at 200 volts, and direct current 
is obtained at 112 and 28 volts. 


The voltage control for the generating systems is 
obtained by carbon-pile regulators, usually in conjunc- 
tion with a current-compounding circuit. The difficulties 
associated with carbon-pile regulators are discussed, as 
these have been the major servicing problem. The design 
of the system at low loads has been critical for stability. 
The 28-volt supplies are obtained by static transforma- 
tion and rectification with a booster transformer pro- 
viding the required regulation in conjunction with a 
transductor. The paper describes the effects on rectifiers 
of voltage surges due to starting and load switching; 
protection against faults; current limitation; equaliza- 
tion; and over-voltage protection. The ultimate value of 





1 Modern generating unit allowing easy maintenance 
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elaborate protection is questioned, and in this connection 
the operation of the Hermes fleet of aircraft for six 
years without a.c. protection units is noteworthy. Ripple 
in the d.c. output of rectified a.c. systems can cause 
interference in radio equipment, and the acceptable 
limits are noted by the author. 

A tabulated summary of leading particulars of a 
number of systems is given in the paper and the question 
of installation for ease of maintenance is discussed. 
In this connection Fig. 1 shows an arrangement which 
allows the in situ replacement of carbon-pile regulators, 
frequency-sensitive units and other parts requiring 
servicing. Fig. 2 shows the special fan necessary to give 





2 Cooling fan 


satisfactory cooling of rectifiers and machines both at 
ground level and at very high altitudes. 

In conclusion it is pointed out that rectified a.c. 
systems have been successful, although further develop- 
ment to achieve greater serviceability is desirable. The 
introduction of germanium or silicon rectifiers would 
bring about a considerable improvement in systems of 
this type, such as reduction of weight, ease of cooling, 
and some relief from the regulating problems. 


621.311.28 : 629.135 


A.C. Supply 


Paper No. 2045 entitled ‘A Constant-Frequency A.C. 
System for Aircraft, by P. C. Finucane, Associate 
Member. 


THE CONSTANT-FREQUENCY A.C. SYSTEM IS BEING DEVELOPED 
to meet the increasing demand for electric power in 
modern aircraft—particularly at 400c/s constant fre- 
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1 40kVA alternator and exciter 


quency. Various constant-speed drives are now either in 
production or in experimental stages. Of these, the 
Sundstrand hydromechanical drive is the most advanced 
type available in this country, and the system described 
employs these units. 

A 200/115-volt 3-phase 400c/s supply is generated, the 
alternators being star connected, with the neutral point 
earthed. The mean voltage of the three phases is regulated 
to +24% by carbon-pile regulators, but developments in 
magnetic amplifiers will improve this voltage tolerance. 
The permissible frequency variation is nominally within 
the range 380-420c/s, but it is possible in practice 
to maintain a frequency of 400 + 2c/s under steady- 
state engine and load conditions, while a frequency of 
400 + Sc/s is achieved under normal transients. 

The system has four 40kVA_ 0-75-power-factor 
separately excited alternators, driven at 6000r.p.m., the 
full-load efficiency of the machines being 80%. A section 
of this machine is shown in Fig. 1. The drive has a 
continuous output of 50h.p. over an input speed range 
of 3000-8 300 r.p.m., with intermittent ratings of 75 h.p. 
for five minutes and 100h.p. for five seconds. A wider 
input speed range can be tolerated at a lower power 
level. Frequency and real-load sharing are controlled 
by monitoring the drive governor through a frequency- 
discriminating network. 

Protection against line/line or line/neutral faults 
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is provided, and over-voltage, under-voltage phase 
sequence, and underspeed protective devices are also 
included. Overspeed protection is obtained by mechanical 
means. Faults in the load-sharing ‘networks can have 
serious consequences, and precautions are taken to 
ensure that no single fault can jeopardize the aircraft. 

An auxiliary power unit driving a standby 40kVA 
alternator is included in the system to provide power for 
vital services in emergency. It may also be used for 
ground servicing of the whole electrical system, and for 
main-engine starting. 

The power-distribution system, illustrated in Fig. 2, is 
designed to afford a maximum measure of flexibility and 
protection against faults, due either to enemy action or 
normal hazards to be expected in aircraft. The busbars 
are split into four sections, each feeding a proportion of 
the vital loads. These busbars are normally connected 
together through contactors and the synchronizing ring 
main. Synchronizing the alternators is not difficult, but 
automatic synchronizing equipment is under development. 

Various secondary supplies are required, these being: 


115-volt 3-phase 400c{s supply. By transformers. 
Single-phase loads may be taken either from this supply 
or from a line/neutral connection to the main supply. 

115-volt single-phase 1600c/s supply. By frequency 
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changer consisting of a synchronous induction motor 
driving an alternator. 

28-volt d.c. supply. By transformer and rectifier with 
transductor regulator. 


The requirement for 28-volt d.c. supply will never be 
entirely eliminated, as it is required for such services as 
fire extinguishers and fuel cocks which must be operable 
after a crash. Also, the design of relay and contactor 
coils for it is simpler than for an a.c. supply. 

A considerable weight saving in favour of the a.c. 
constant-frequency system is achieved for one particular 




















2 Busbar system layout 


aircraft compared with the 112-volt d.c. system originally 
fitted. Briefly, the data are: 


112-volt d.c. 90kW 5 429 Ib total 60-3 lb/kW 
112-volt d.c. 135kW 6 494 lb total 48 -21b/kW 
200-volt a.c. 128kW 4856 lb total 37-9 1b/kW 


The d.c. systems show an even greater disadvantage if 
emergency power is provided giving the same duration as 
the auxiliary power unit fitted with the a.c. system. 

Advantages of the a.c. system are numerous, among 
the most important being: 


(a) Inherent robustness and reliability of transformers 
and squirrel-cage motors. 

(6) Absence of commutators, which permits higher 
operating temperatures. 

(c) Brush-wear problems at high altitudes are confined 
in the main to slip rings. 

(d) Circuit-breaking problems at high altitude are 
much less severe and fault currents are reduced. 

(e) Motors, switchgear and conversion machinery 
are far less costly than their d.c. equivalents. 

(f) The higher-efficiency a.c. machine reduces the 
cooling requirements for the same power output, and 
therefore reduces drag on the aircraft: 
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The a.c. system is comparatively new to the aircraft 
industry, but there is growing opinion that the severe 
problems to be expected in future aircraft can be met 
only by installing such a system in preference to d.c. 
systems. 621.311.28 - 629.135 


Development of Airborne Equipment 


Paper No. 2089 entitled ‘Trends in the Development of 
Airborne Electrical Equipment, with particular reference 


‘to Constant-Frequency Alternating-Current Systems’, by 


R. H. Woodall, F.R.Ae.S., Member, P. J. Daglish, B.Sc., 
Member, and V. A. Higgs, B.Sc., Associate Member. 


MILITARY, AND POSSIBLY CIVIL, AIRCRAFT OF THE FUTURE 
will fly at higher altitudes and higher speeds than 
hitherto, and the utilization of electrical energy in an 
aircraft of given gross weight is likely to increase. These 
factors will lead to very difficult equipment cooling 
problems. Fig. 1 shows stagnation-air temperatures 
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1 Variation in temperature of ram air with speed 


plotted against aircraft Mach number, and since 
stagnation-air temperature is equivalent to the cooling- 
air temperature of ram-air-cooled equipment it will be 
appreciated that the problem is severe. 

It may be possible to continue with the use of ram air 
up to higher Mach numbers if the maximum temperature 
of equipment is increased, and this is an important 
contribution which aircraft electrical engineers can make 
to the cooling problem generally. Higher operating 
temperatures may be attained by the use of better 
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materials, but when the ultimate limit is reached there 
may have to be a change in the heat sink and fuel. 
Power-weight ratio and efficiency are higher with a.c. 
than with d.c. machines, and the latter present difficulties 
which do not exist with a.c. equipment when dealing 
with a wide range of engine speeds and higher tem- 
peratures. The brush-wear problem still exists, and 
brushless alternators should become the order of the day. 
There is a good case for inductor alternators for 2 400 c/s 





supplies, should this frequency be persevered with in 
the future. 

The authors therefore recommend that for future 
high-performance aircraft, a constant-frequency a.c. 
system should be used, the preferred frequency being 
400 c/s. Such a system will require a constant-speed drive, 
the absence of which has been one of the reasons why the 
system has not been introduced hitherto. 

The best method of producing constant frequency from 
a variable-speed prime mover depends on the type of 
aircraft and engines, the speed and altitude requirements 
and the duration of the flight. The two types of constant- 
speed drive which show most promise are the hydro- 
mechanical type and the air- (or gas-) turbine type. 

Generally speaking, the hydromechanical drive is 
somewhat heavier as a basic unit than the air-turbine 
drive, but the efficiency is higher. The air turbine, using 
bleed air from the compressor, involves the greater 
penalty on engine-fuel consumption and thrust. In an 
endeavour to reduce the air consumption, a bleed and 
burn system is having some consideration. The air tur- 
bine has the advantage of easier installation for some 
types of aircraft, since it can be remotely mounted, and 
in a multi-engined aircraft the bleed air can be inter- 
connected between all engines with a common main, and 
can supply any number of turbines without regard to the 
number of engines. 

The cascade type of alternator (Fig. 2) is certainly 
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worth more consideration. This machine and the a.c./d.c. 
self-excited alternator (Fig. 3) represent the most 
promising types for the future. The latter is a conven- 
tional alternator with a small a.c. exciter fitted, the 
alternating current from the exciter being smoothed by 
rectifiers which rotate with the shaft and thus provide 
direct current for the main alternator field without need 
for slip rings and brushes. 

The attractive features of squirrel-cage induction 


2 Rotor of cascade alternator 


motors are well known and require no further emphasis 
here. 

There are many problems to face in connection with 
switchgear for use under high-ambient-temperature con- 
ditions, one of the most important béing the wide range 
of resistance of the closing and holding coils of con- 
tactors which will occur over the temperature range, and 


OC.INPUT 


MAIN ALTERNATOR | | 





AC. OUTPUT 


3 Diagram of a.c.]d.c. self-excited alternator 


it is suggested that means other than electrical to close 
and open switchgear may be necessary. 

Energetic development of inorganic insulating materials 
and semi-inorganic materials, such as silicones, is essential 
if the electrical engineer is to play his part in meeting 
supersonic-flight conditions without severe penalties of 
additional cooling equipment. 
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Rekability must be the watchword, and there must be 
close collaboration between the designers of aircraft, 
engines and electrical equipment in solving the cooling 
and other problems associated with supersonic flight. 

Finally, it might be advantageous for the aircraft 
electrical industry to be made aware of future operational 
requirements at an earlier date, so that more development 
work can be carried out before flight than has been 
possible in the past. Undoubtedly some of the criticisms 
directed at it can be attributed to insufficient develop- 
ment time and an incomplete knowledge of all the 
operating conditions by designers. 621.311.28 : 629.135 


Electrical Machines for Aircraft 


Paper No. 1971 with the above title by B. Adkins, M.A., 
Member, W. Philipp, B.Sc., Associate Member, and 
A. Hossle, B.Sc Eng.), Associate Member. 


A MODERN AIRCRAFT CONTAINS AN ELECTRICAL SUPPLY 
system which is just as important for the operation and 
general amenities of the aircraft as is a normal mains 
supply on land. In such a system the rotating machines, 
used as generators, motors or convertors, are the most 
important components. All matters relating to aircraft 
are at present undergoing a very rapid development and 
the electrical equipment is no exception. Both the 
designer and the user are continually faced with new 
problems. 

Until recently the supply of electricity has been derived 
from generators driven direct from the main aircraft 
engines, which rotate at varying speed and cannot be 
synchronized with each other. Consequently it has not 
been possible to use an a.c. system of fixed frequency 
obtained from alternators operating in parallel, and 
almost all present-day systems use direct current derived 
either from d.c. generators or from a.c. generators with 
rectifiers. However, it is now practicable to drive a 
number of alternators at an accurately controlled constant 
speed, either from variable-ratio hydraulic gears coupled 
to the main engines or from separate small prime movers, 
and it is probable that three-phase alternating current at 
400 c/s will be used increasingly in the future. 

In a d.c. system, control of the voltage and of the 
sharing of the current between the separate generators is 
usually carried out by means of carbon-pile regulators, 
but electronic, magnetic-amplifier and other types of 
regulator may be used. Paralleled a.c. systems require in 
addition regulating equipment to control the frequency 
and the sharing of reactive current. 

Particular attention must be paid to the design of 
electrical machines for aircraft because of the special 
conditions of operation. The foremost consideration is 
that the machine, while complying with the output 
requirements over the range of conditions specified 
should be of minimum weight, almost regardless of cost. 
The cost of carrying unnecessary weight on aircraft is so 
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high that a greatly increased expenditure for special 
materials or difficulty of manufacture may be justified. 
As an example, the 6kW d.c. generator shown in Fig. 1, 





1 6kW d.c. generator 





which is specially designed for use in aircraft runs over 
a speed range of 4000-10000r.p.m. and weighs 58 lb. 
A typical industrial d.c. generator for the same output 
would run at a constant speed of 3000r.p.m. and would 
weigh about 450 Ib. 

To achieve this result, the insulating materials, the 
lubricating grease or oil, and the methods of connecting 
and securing the windings are selected so as to permit 
operation at temperatures of up to 150°C or more. 
The machine runs at a high speed and is cooled by a 
powerful blast of air directed through carefully arranged 
passages. Expensive magnetic materials with high per- 
meability are used. For example, Permendur, an alloy of 





2 28kW underslung alternator 





iron, cobalt and vanadium, costs twenty times as much 
as ordinary steel, but can carry a flux density 20% to 
30% greater. 

The high altitudes and fast speeds at which many 
modern aircraft operate introduce very special difficulties 
for the electrical machines. Blast cooling becomes much 
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less effective because the air density falls as the altitude 
increases. At very high speeds the temperature of the air 
entering the machine may be too high for efficient cooling. 

























3  Cut-away view of 
inverter with 
control 


4 Cut-away view of actuator 


5 A.C. motors for aircraft 


The low humidity of the atmosphere at high altitudes 
tends to destroy the lubricating properties of carbon 
brushes and causes rapid wear unless special precautions 
are taken. Up to the present it has been possible to satisfy 
the requirements without radical departure from con- 
ventional methods, but the time is rapidly approaching 
when special closed cooling systems, using either liquid or 
gas coolants and provided with refrigerating equipment, 
will be essential for the fastest planes. 

Fig. 2 shows a 28kVA underslung alternator in which 
the windings are insulated with silicone material and the 
bearings are lubricated with oil taken from the engine to 
permit operation at a high temperature. In this example, 
the cooling air, which is taken from the engine com- 
pressor, may have a temperature as high as 110°C. 

In view of the very stringent requirements for aircraft 
machines, particularly for the main generators, the testing 
procedure is of great importance. Any new design must 
undergo an endurance test of 1000 hours’ duration 
during which no maintenance work of any kind is allowed. 
The test is made up of periods of not less than 25 hours 
each, partly under conditions at ground level and partly 
under altitude conditions in a special chamber capable 
of simulating the appropriate temperature, pressure and 
humidity. The schedule is specified to correspond as 
closely as possible with the actual duty of the machine in 
service. The type tests also include 
complete electrical and mechanical 
tests. Production machines undergo 
shorter tests which verify that they 
conform to type. 

Various types of converting 
machine are used on aircraft in 
order to provide special supplies 
for radio and other purposes. Fig. 3 
shows as an ,example a_ small 
inverter used to obtain alternating 
current at 400c/s when the main 
supply is direct current. The vol- 
tage and frequency of the auxiliary 
supply are maintained constant 
within about +5% by means of 
carbon-pile regulators mounted in 
a box attached to the inverter. 
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The electric motors on an aircraft present fewer 
difficult design problems than the generators but there is 
a greater variety in the types of machine and the methods 
of application. The larger machines include shunt-excited 
d.c. motors driving hydraulic pumps for the flying con- 
trols and series-excited motors for engine . starting. 
Motors of all sizes are used for operating linear actuators 
like that shown in Fig. 4, in which the series-wound d.c. 
motor drives a ball-bearing screw jack through a train of 
epicyclic gears. Actuators of this type are used to operate 
undercarriages, flaps, engine air-intake controls, bomb 
doors, and other aircraft auxiliaries. 

With an a.c. supply the robust squirrel-cage induction 
motor is used for practically all purposes. Fig. 5 shows 
five a.c. motors of different sizes. 

The modern aircraft is becoming more and more 
dependent on its electrical system, in which the rotating 
machines play a vital role. The design, manufacture and 
application of these machines calls for considerable skill 
and ingenuity in order to cater for the constantly changing 
requirements. 621.313.1: 629.135 


Cooling Problems 


Paper No. 2056 entitled ‘The Cooling of Aircraft Electrical 
Equipment’, by C. S. Hudson, B.Sc., Ph.D., Wh.Sc., 
Associate Member. 


FOR MANY YBARS, THE COOLING OF THE GENBRATING AND 
other electrical equipment on aircraft has been accom- 
plished by the use of either natural or forced convective 
air cooling. For example, components such as relays, 
circuit-breakers, and some radio equipment rely on 
natural cooling. This is augmented where necessary by 
the use of fins as in rectifiers and carbon-pile regulators. 
In general, natural cooling is used only where the heat 
to be dissipated is small; otherwise, forced convective 
air cooling is employed. This may be accomplished by 
means of a fan, as in most motors and rotary trans- 
formers, but, where considerable cooling is required, 
as for the main engine-driven generators, blast cooling 
is used. In this, air is taken from an external scoop, 
which is mounted in such a position that a positive 
pressure head will be obtained for all conditions of 
flight, and is passed through the machine to be cooled, 
generally entering at the commutator end and dis- 
charging from the other. The air is thus in direct contact 
with the hot surfaces of the commutator, armature and 
field windings. 

Blast cooling is now becoming impracticable, because 
modern aeroplanes are flying faster and at greater 
altitudes than before. Reduction in the density of the air 
with altitude decreases both the heat-transfer coefficient 
and the mass flow, and results in a limitation of cooling 
at high altitudes. The effect of speed is to increase the 
temperature of the incoming air by an amount pro- 
portional to the square of the speed, for example, at 
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1000 m.p.h. this rise is approximately 100°C, and this 
reduces the effectiveness of the air to cool the machine. 
Further, the drag caused by the scoop becomes serious 
at high speeds. The effect of the altitude and speed is 
shown in Fig. 1. Perhaps the first step in the direction of 
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more effective cooling is in the use of a heat exchanger 
through which the blast air is passed. This can be 
designed more efficiently, and the machine to be cooled 
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Region of effective cooling (hot-spot temperature, 200°C) is 
bounded by the curves. 
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is linked with the heat exchanger using a local cooling 
circuit. Three types of local cooling are considered, 
using (a) air at constant pressure, (b) a liquid and (c) a 
vaporization technique. By using air at constant pressure, 
the variations due to altitude are avoided, and a great 
advantage of this method is that existing designs of 
machine can probably be used. The effectiveness of 
liquid cooling is well known—the greater density permits 
the requisite heat transfer to be achieved for very much 
lower flow rates. Existing machines could not, however, 
be adapted for use with liquid cooling and a new range 
of designs would be required. The third method involves 
the use of a liquid with a high latent heat of evaporation 
which is allowed to boil on the surface to be cooled, the 
vapour then being removed and condensed in the heat 
exchanger. It may be possible to use machines of con- 
ventional design with evaporation cooling but there 
remain a number of problems to be solved. The main 
improvement to be obtained by the use of local-circuit 
cooling and a blast-cooled heat exchanger is in altitude 
performance. This is illustrated in Fig. 2. 

For speeds in excess of about 1 200 m.p.h. the kinetic 
rise is the predominating factor and in order to move 
heat from the aircraft into the outer air, this ‘thermal 
barrier’ has to be surmounted. Cooling, in fact, involves 
the extraction of heat at the lower temperature of the 
equipment to be cooled, and its rejection to atmosphere 
at the higher temperature of the skin of the aircraft. 
There appear to be two ways of achieving this—to use 
either a heat pump or an expendable coolant. This latter 
may be a liquid such as water carried specially for the 
purpose, or in some circumstances it may be possible to 
use the fuel before it is burnt in the main engines, It may 
well be that the heat pump provides the solution for long- 
duration aircraft, while the expendable coolant provides 
one for short-duration aircraft. 621.311.28-712 


Aircraft Switchgear 


Paper No. 2087 with the above title by W. G. Bourne and 
A. Grieve, B.Sc., Associate Member. 


AN AIRCRAFT ELECTRICAL POWER SYSTEM INVOLVES THE 
same control, distribution and protection problems as 
any land-based electrical-supply undertaking, and, since 
the relatively high generating capacity installed in a 
modern aircraft can, under fault conditions, create a 
power arc which would endanger the safety of the 
aircraft, increasing attention is being paid to the design 
and rating of switches and protective equipment. The 
major problem in aircraft-switchgear design is to define 
adequately the operating conditions at the inception of 
a project, and very close collaboration between aircraft 
designers and electrical-equipment manufacturers is 
essential to avoid incompatibility of requirements, as 
well as to ensure that all normal and abnormal operating 
conditions are fully appreciated. 
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The paper lays down in detail the data necessary to 
ensure that all aspects of performance are fully specified, 
and indicates the design limitations introduced by 
omitting or wrongly specifying any of these parameters. 
Reliability and minimum weight are conflicting require- 
ments, and, since a fine balance must be maintained 
between the two, all constructional materials, contacts 
and operating mechanisms must be stressed much more 
severely both electrically and mechanically than would 
be permissible in industrial applications. This aspect of 
aircraft economics is creating a trend away from 
standardization and towards equipment designed for 
one specific application, and the alteration in outlook is 
being accelerated by the higher voltages and powers 
which switchgear is being called upon to handle, at ever 
increasing altitudes. The era when a designer could 
choose a unit of equipment from a catalogue is practi- 
cally over, and the selection of suitable apparatus should 





Plasma volume and metallic-particle scatter associated with 
an uncontrolled arc at ground level 


Voltage, 116 volts d.c.; current, 300 amp; contact gap, 20mm; opening 
speed, 150cm/sec. 





now be done by a specialist, who also needs to know 
the weight penalty which the aircraft designer is willing 
to pay for increased life and reliability. 

The difficulty of designing equipment to have very 
small size and low weight can be appreciated when it is 
realized that the volume of an uncontrolled arc such as is 
shown in the photograph will be increased at least ten 
times at an altitude of 50000 ft, and further that the arc 
products must be very carefully shielded to eliminate 
all danger of explosion in contaminated atmospheres. 

The general principles of switchgear design are firmly 
established, and the paper describes the methods whereby 
current-carrying and circuit-breaking limits are deduced, 
and indicates the effects of environment on these factors. 
Various methods of protection, their applications and 
limitations, are mentioned, and the relative merits of 
different types of delayed protection are briefly discussed. 
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Operational failures of aircraft switchgear are seldom 
due primarily to electrical causes, mechanical troubles 
generally initiating such failures. This undesirable 
situation is often brought about by the practice of 
situating switchgear in any convenient and accessible 
position in the aircraft, without adequate knowledge of 
the mechanical loading, vibration and acceleration to 
which the unit will be subjected. The switch designer can 
only assume that the normal limits laid down in standard 
specifications covering vibration and acceleration will not 
be exceeded, but all too frequently such assumptions 
prove invalid, and failure occurs. The build-up of 
operational experience by both aircraft and equipment 
manufacturers is leading to improved appreciation and 


A Graduate and Student Paper 
Boiler House Fans 


A short review of a Graduate.and Student Section paper 
with the above title by J. H. Denman, Graduate. The paper 
was awarded the Henry Nimmo Premium by the Council. 


THE TWO MAIN USES OF FANS IN THE MODERN BOILER HOUSE 
are the delivery of air to the furnace in sufficient quantity 
and at a suitable pressure, and the removal of the large 
volumes of hot and often abrasive gases resulting from 
the combustion process. These fans are known as 
forced- and induced-draught fans respectively. In modern 
boilers it is normal practice to install two of each type, 
so that in the event of failure of any one fan about 60% 
of the maximum boiler load can be maintained. Thus 
the principal qualities demanded of them are economy, 
stable operation in parallel and (with induced-draught 
fans) resistance to abrasion and deposition of dust. 

The introduction of pulverized fuel brought another 
group of fans into the boiler house, i.e. those associated 
with milling plant. These can be either primary air fans 
delivering air under pressure to the mill, or exhauster 
fans, which draw the coal/air mixture from the mill and 
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knowledge of the factors which cause such failures, but 
it has proved impossible in the past to forecast such 
conditions with sufficient precision in the design stage, 
and full details have become available only after pro- 
longed testing during flight of the prototype aircraft. 
Time to produce a fully satisfactory unit is therefore 
bought at the expense of lower utilization and per- 
formance than is desirable even during early development 
flying. 

In the future it is anticipated that increased reliability 
and longer life will be required in civil aircraft equipment, 
and that the increasing speed of Service aircraft will 
introduce greatly increased ambient temperatures and 
higher operational altitudes. 621.316.3 : 629.135 


thus are subject to veryabrasive conditions. With each type 
a substantive reserve of pressure is necessary to prevent 
choking of the mill, and with the exhauster fan, efficiency 
has to be sacrificed in favour of a simple construction 
lending itself to easy maintenance. A typical pulverized- 
fuel boiler is illustrated in Fig. 1. 


Principle of Operation 


When a quantity of air or gas is rotated in a fan 
impeller (Fig. 2) it gains kinetic energy which can be 
converted into pressure energy either in a suitably 
shaped housing, called the volute casing, or in the 
impeller itself. The amount of energy conversion taking 
place in the impeller depends on the blade profile, which 
determines the velocity of the fluid leaving the impeller. 
Thus the blade profile determines the relationships 
existing between pressure, input horse-power, efficiency, 
and output capacity, from which the suitability of the 
fan for any given duty can be assessed. 

There are four main profiles in use at the present time: 
radial, forward curved, backward curved, and forward 
curved with radial tip. The characteristics of these fans 
are shown in Fig. 3. 

The radial-bladed fan 
is comparatively simple 
and cheap. It does not 
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1 Outline drawing of a typical pulverized-fuel boiler 
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on a fairly small radius. This produces a fan with a large 
capacity per unit area of floor which makes it very 
useful for induced-draught duty. Bad features of this 
type of fan are the steeply rising horse-power character- 
istic and the peaky pressure curve which gives rise to 
unstable conditions at low loads. 
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Backward-curved fans convert most of the kinetic 
energy to pressure energy within the impeller so that 
there is very little dependence on the design of the 
housing. This type of fan has a good efficiency, is very 
stable at all loads, and the horse-power characteristic 
rises to a definite maximum value. This is very useful 
as it enables motor sizes to be selected very closely 
without risk of overloading. The maximum efficiency 
occurs in the working range. It is the obvious choice for 
forced-draught duty, but a tendency to collect dust on 
the underside of the blades makes it unsuitable for 
induced-draught fans. 

The forward-curved blade with a radial tip has been 
designed specifically for induced draught. It has an 
efficiency inferior to that of the backward-curved ‘blade, 
but it has the great advantage of being self-cleaning, 
which makes it very suitable for dealing with dirty gases. 


The Effect of Fan Dimensions on Performance 


Blade depth is approximately inversely proportional 
to the number of blades on the impeller, and for each 


type of fan the most suitable number of blades lies 
within a fairly narrow range. Thus the forward-curved 
type of impeller carries a large number of shallow blades, 
whilst the radial type has a few relatively deep blades. 

In general, improvements in efficiency and pressure 
result from increase in blade depth. If this increase is 
obtained by reducing the inlet diameter of the impeller, 
this dimension should not be reduced to less than four 
times the axial length of the blade or choking will result. 

Optimum values can be obtained for the axial length 
of a blade, with respect to pressure, capacity and 
efficiency, but these values do not coincide. The selection 
of this dimension is therefore a compromise. 


Output Control 


Load variation on large boilers involves the control 
of considerable volumes of air, and worth-while econo- 
mies in the use of fan power can be achieved by the 
installation of suitable equipment. There are two funda- 
mentally different approaches to this problem, drive 
regulation and fan regulation. Drive regulation involves 
variation of the speed of the fan, which gives rise to 
corresponding changes in the pressure and volume of 
air delivered. The speed variation is obtained by the use 
of d.c. motors, a.c. commutator motors, or squirrel-cage 
motors driving through slip couplings. Fan regulation 
entails the control of the airflow either at the inlet or the 
outlet of the fan. In its most inefficient form this is the 
simple damper, but preferable to this is the use of 
variable inlet vanes, which direct the air in any required 
direction relative to the motion of the impeller. In this 
way the input to the fan impeller can be varied very 
easily, with a consequent variation of the output of the 
fan. This type of unit is associated with the squirrel-cage 
motor, but pole-changing induction motors are often 
used to obtain high efficiency over a wide range of fan 
loading. 682.182 
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(a) Radial-bladed fan. (6) Forward-curved fan. 
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(c) Backward-curved fan. 


Efficiency is expressed as a percentage. Pressure is expressed as a percentage of pressure at no delivery. Power is expressed as a percentage 


of the maximum power 
of the maximum rate, i.e. the rate at zero pressure. 
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uired. The rate of discharge, normally measured in cubic feet per minute, is here converted to a percentage 


JOURNAL I.E.E. 





Pri 
B. 
pa 
Pr 





; lies 
irved 


ades, 
es. 


ssure 
se is 
eller, 
four 
sult. 
n gth 

and 
tion 


itrol 
ono- 
the 


ige 
ge 





SYNOPSES OF PAPERS 


The following are synopses of papers published in the Proceedings without first being read at.an Institution 
meeting which have not been described elsewhere in the Journal. 


Articulation Calculation 


A synopsis of a Radio and Telecommunication Section 
paper (No. 2143) entitled ‘A Development of the Collard 
Principle of Articulation Calculation’, by D. L. Richards, 
B.Sc. Eng.), Associate Member, and R. B. Archbold. The 
paper was published in September 1956 in Part B of the 
Proceedings. 


MANY RATHER LABORIOUS TALKER-LISTENER ASSESSMENTS 
of speech links could be avoided if the theoretical frame- 
work propounded in 1929 by Collard were more generally 
applied. This theory permits the articulation score to be 
calculated, given the frequency characteristics, noise level 
and transmission losses of any telephone circuit. The 
paper expresses this principle in terms of a simple 
mathematical model defined by very few parameters, 
which have been estimated from recent measurements 
made by the Post Office. 

The practical application of these results to the calcula- 
tion of articulation can be reduced to a convenient pro- 
cedure which is described in an appendix and illustrated 
with some numerical examples. 

Measurements and calculations based on the theory 
agree under favourable conditions to within a few per 
cent of sound articulation; when commercial subscribers’ 
sets are involved, however, a careful choice must be made 
of the method of measuring the sensitivity/frequency 
characteristics of the transducers. 

Although actual articulation measurements cannot yet 
be completely dispensed with, the calculation technique 
does enable a large amount of information to be inter- 
polated from a relatively small number of measurements 
on key conditions. 621.395 


Helical Aerials 


A synopsis of a Radio and Telecommunication Section 
paper (No. 2170) entitled ‘An Experimental Design Study 
of Some S- and X-Band Helical Aerial Systems’, by 
G. C. Jones, Associate Member. The paper was published 
in November 1956 in Part B of the Proceedings. 


THE GENERAL CHARACTERISTICS OF HELICAL AERIALS ARE 
summarized and the results of polar-diagram measure- 
ments in the S- and X-bands are given for single and 
multiple helices. Reference is made to methods of 
widening both the’ beamwidth and the bandwidth 
obtained with a helical aerial by such means as end 
loading and tapering. 
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The possibility of adapting helical aerials to give 
wide-band linearly polarized arrays has been explored 
experimentally with a considerable measure of success. 

Tests show that acceptable characteristics may be 
obtained with helices of ‘unorthodox’ form or with 
dimensions outside the limits suggested by Kraus. 

Encapsulation of helical aerials in foamed dielectric 
material in order to improve their rigidity is found to be 
a satisfactory and practical proposition provided that the 
materials are selected with some care, particularly in the 
X-band. 621.396.677.45 


Delay-Line Attenuation 


A synopsis of a Radio and Telecommunication Section 
paper (No. 2194) entitled ‘On the Measurement of 
Attenuation in Ultrasonic Delay Lines’, by M. Redwood, 
B.Sc Eng.), Graduate, and J. Lamb, Ph.D., Associate. 
The paper was published in November 1956 in Part B of the 
Proceedings. 


A THEORETICAL AND EXPERIMENTAL STUDY HAS BEEN MADE 
of the effects of coupling films on the propagation of 
compressional waves from a transducer to a solid 
medium. In practice it has been found that ‘wringing’ 
the transducer to the specimen with oil as a coupling 
medium produces a film of non-uniform thickness. 
Although the variations in thickness are of the order of 
a wavelength of light, these variations are important at 
ultrasonic frequencies in the region of 50Mc/s, and 
above. 

Conditions are described under‘which such films can 
lead to the propagation of a predominantly first-order 
mode in the specimen, resulting in an exponential decay 
of the amplitudes of successive reflections, with a conse- 
quent improved accuracy of attenuation measurement. 

The work provides a greater understanding of the 


problems encountered in applications of delay lines. 
681.142 : 534.23 


Motor with 6:3:2:1 Speed Ratios 


A synopsis of a Utilization Section paper (No. 2180) 
entitled ‘An Asymmetrical Induction-Motor Winding for 
6:3:2:1 Speed Ratios’, by Professor G. H. Rawcliffe, 
M.A., D.Sc., Member, and B. V. Jayawant, B.Eng., 
Graduate. The paper is published this month in Part A of 
the Proceedings. 


AN EARLIER PAPER HAS DESCRIBED A VERY SUCCESSFUL 
pole-changing winding for 3:1 speed ratio; which, 
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however, had the disadvantage of needing eleven control 
leads and a slightly complicated controller. A new 
winding is here described which needs only six control 
leads and a very simple controller, and which gives 
greater flexibility in the relative ratings at the two speeds. 
In addition, this winding can be made to operate 
efficiently at a third speed, using only nine control leads 
altogether, giving three speeds in the ratios 6: 3:1, and 
at a fourth speed using thirteen control leads, giving four 
speeds in the ratios 6 : 3 : 2: 1. The methods of obtaining 
the third and fourth speeds are described in the latter 
part of the paper. 

Besides being very successful in operation, this asym- 
metrical winding has a number of unusual theoretical 
features of very great interest. It is a working testimony 
to the possibility of permitting various forms of asym- 
metry and unbalance in electrical machinery without 
detriment to its operation. 621.313.334 


Generator Characteristics 


A synopsis of a Supply Section paper (No. 2168) entitled 
‘Voltage-Excitation Characteristics of Synchronous 
Machines’, by J. H. Walker, M.Sc., Ph.D., Member. The 
paper is published this month in Part A of the Proceedings, 


THE VOLTAGE-EXCITATION CHARACTERISTICS OF SYNCHRO- 
nous machines may be calculated by either cylindrical- 
rotor or two-axis theory, and in each case saturation 
effects may or may not be included. In order to evaluate 
the extent to which these methods are applicable to 
specific examples, six machines are considered—three 
turbo-alternators and three salient-pole alternators— 
covering a range of synchronous reactances from 
0-7p.u. to 1-75p.u. and a range of saturation factors 
from 1-3 to 2-0. 

The errors involved in the use of the various methods 
are evaluated, and recommendations are made con- 
cerning the most suitable methods for calculating these 
voltage-excitation characteristics. 621.313.322 
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CHARLES GEORGE CARROTHERS 


Charles George Carrothers, B.ENG., who died on the 22nd May 
1956 as the result of a motoring accident, was born on the 
9th January 1892. He was educated at Liverpool College, and 
after a three-year apprenticeship with Clarke, Chapman and 
Co., during which he attended evening classes at Rutherford 
College, Newcastle upon Tyne, he took a full-time course in 
engineering at Liverpool University, where he obtained a 
B.Eng. degree in 1914. In that year he enlisted and later took 
a commission in the Royal Engineers. 

In 1920 he joined Kennedy and Donkin as an assistant 
engineer, and from then until 1927 the greater part of his time 
was spent in Calcutta as deputy, and later as senior, repre- 
sentative of his firm, supervising the extensions to the genera- 
ting stations and transmission system of the Calcutta Electric 
Supply Corporation. After returning to England he was 
engaged mainly on technical investigations in connection with 
the construction of the 132kV transmission system of the 
Central Electricity Board. 

From 1938 to 1942 Mr. Carrothers was Senior Technical 
Assistant with the City of Edinburgh Electricity Department, 
and in 1942 he rejoined Kennedy and Donkin, with whom he 
served, first as a senior engineer and later as Head of the 
Research Department, until his death. 

In 1930 he married Florence Laws, who survives him. 

Mr. Carrothers joined The Institution as an Associate 
Member in 1928 and was elected a Member in 1945. For a 
paper published in the Journal in 1932 he was awarded a 
Premium jointly with Mr. (now Professor) R. O. Kapp. 
He was also a Member of The Institution of Mechanical 
Engineers. B. D. 
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ARTHUR JOHN FIPPARD 


Arthur John Fippard, who died on the 13th June 1956, was 
born on the 26th February 1875. He was educated at Breydon 
House and Wooten Gardens schools, Bournemouth, and 
obtained practical experience by means of a two-year appren- 
ticeship with the Southampton Naval Works, during 
which time he studied general engineering at evening classes 
at Hartley College, Southampton. He completed his practical 
training at the Bournemouth and District Electric Supply Co. 
In 1895 he became shift engineer at Bournemouth, and later 
went to Windermere in a similar capacity. In 1899 he was 
appointed Resident Engineer and Manager with Edmundson’s 
Electricity Corporation, of High Wycombe and Woolwich, 
being engaged on negotiations from 1902 to 1904 relating 
to the starting of electricity supply in many areas. 

For three years he practised on his own account as a con- 
sulting engineer, preparing evidence for Parliamentary bills 
and designing and superintending the erection of power 
stations for the supply of Bridgwater and St. Austell. 

In 1907 he went to China to the Hankow Waterworks and 
Electric Light Co. and remained there until 1915, by which 
time he had attained the position of Engineer-in-Chief. He 
was in Hankow during the Boxer fighting and received the 
Boxer Medal for his services. 

In 1915 he bought a small electricity undertaking which 
supplied Goring and Streatley from a water-mill on the 
Thames, but soon after he rejoined Edmundson’s, first as 
Resident Engineer and then as South-West District Manager; 
for the next five years he supervised extensions to many of the 
undertakings in the Edmundson group of companies. 

In 1922 Edmundson’s released him for two years to return 
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to the Hankow company to reorganize and extend their 
generating station, and after his return from China he held 
various senior appointments, finally becoming General 
Manager. 

He left Edmundson’s in 1936 to join the Board of Directors 
of the Electric Supply Corporation and the Boards of many 
of its associated companies. Later he was elected Chairman of 
the Corporation and a number of the associated companies. 

After the Corporation was nationalized in 1948 Mr. 
Fippard continued as Chairman of some companies in the 
group which were not affected by nationalization, one of 
them being the Electric Supply Corporation (Overseas), of 
which he remained a Director until his last illness. 

Mr. Fippard had few interests outside engineering, which 
was his life’s work and also his spare-time hobby. He was a 
sound engineer and an excellent negotiator, and he earned 
the respect and friendship of those with whom he worked. 
His wife died about eight years ago, and they had no children. 

He joined The Institution as an Associate Member in 1902 
and was elected a Member in 1925. A. N. R. 


HERBERT REAH HARPER 


Herbert Reah Harper, who died on the 27th July 1956, was 
born on the 23rd June 1871. He was educated at Dulwich 
College, London, and studied engineering at the City and 
Guilds College, London. His early practical experience was 
gained with a marine engineering firm at South Shields and 
then with the Brush Electrical Engineering Co., Lough- 
borough. Later as an assistant engineer with this company he 
went to Malta on the construction of a power house and 
electrical distribution system; subsequently he was appointed 
Chief Engineer of this undertaking. 

In 1899, the Brush company transferred Mr. Harper to 
Melbourne to assist Mr. F. W. Clements in the merging of 
the A. U. Alcock Electric Light and Motive Power Co. and 
the New Australian Electric Co. into the Electric Lighting 
and Traction Co. of Australia, subsequently the Melbourne 
(Victoria) Electric Supply Co.; this was taken over by the 
State Electricity Commission of Victoria in 1930. During his 
first year in Melbourne he was Superintendent of the Rich- 
mond power station, the first major power station in 
Melbourne. 

In 1901 he was appointed City Electrical Engineer for the 
Melbourne City Council. In this position he was responsible 
for the building of the Spencer Street power station and the 
redesign of the city’s electrical distribution system. 

In a Presidential Address entitled ‘Electricity Supply in 
Victoria’ delivered in 1917 to the Victorian Institute of 
Engineers (subsequently merged with The Institution of 
Engineers, Australia) Mr. Harper advocated the use of brown 
coal from Morwell as a fuel in the generation of electricity. 
This Address was largely responsible for the resuscitation of 
the proposal to generate power at Morwell, and it led to the 
Government of Victoria appointing an Advisory Committee, 
of which Dr. H. Herman was Chairman and Mr. Harper a 
member, to examine this proposal. The Committee’s report 
was favourable to the proposal. During the next two years 
Mr. Harper conducted tests at the Spencer Street power 
Station on the combustion of brown coal, 15000 tons being 
burnt in these tests. 

In 1919, shortly after the formation of the State Electricity 
Commission, he was appointed its first Chief Engineer, which 


DECEMBER 1956 


position he occupied continuously until his retirement in 1936. 
In this capacity he was responsible for the construction of 
the Yallourn generating station, the associated distribution 
system throughout the State and the planning of the Kiewa 
hydro-electric scheme. After his retirement from the State 
Electricity Commission he was engaged by the New South 
Wales Government to conduct an investigation into the 
development and organization of the electricity supply 
industry in New South Wales. 

In 1934 he was awarded the Kernot Memorial Medal for 
distinguished engineering achievement in Australia, and in 
1938 the Peter Nicol Russell Memorial Medal for a notable 
contribution to the science and practice of engineering. 
From 1913 to 1941 he was a member of the Faculty of 
Engineering at the University of Melbourne. During the 
Second World War he was Secretary of the Mechanization 
Board of the Army. 

His other interests included membership of the Rotary 
Club and the Wallaby Club, and he was an active churchman 
in the Church of England. For a number of years he also 
served as an executive of the Boy Scout Association and on 
the Committee of Management of the Victoria School for 
Deaf Children. 

Mr. Harper joined The Institution as an Associate in 1896 
and was elected an Associate Member in 1899 and a Member 
in 1904. He served as Local Honorary Secretary and Treasurer 
for Victoria (later Victoria and Tasmania) 1917-33, as 
Chairman and Honorary Secretary of the Victoria and 
Tasmania Local Committee 1933-48, and then on the Com- 
mittee 1949-52. He was Oversea Representative of the Council 
for Victoria and Tasmania 1946-48. 

He was also a Past-President of The Institution of Engineers, 
Australia, and served on its Council for a long period, and on 
the Committee of the Melbourne Division. He was a Fellow 
of the American Institute of Electrical Engineers. _B. s. W. 


ERNEST MONTAGUE HUGHMAN 


Sir Ernest Montague Hughman, who died on the 23rd March 
1956, was born on the 22nd October 1876. His death has 
deprived industry and The Institution of an outstanding 
personality, whose genial and kindly nature won him a wide 
circle of friends. 

He was educated at St. Mark’s College, Chelsea, and in 
1895 he entered the service of the well-known consulting 
engineer, Robert Hammond, with whom he remained twelve 
years. During his twelve years with this firm he was personal 
assistant to Robert Hammond on Parliamentary work in 
connection with Bills before committees of the Lords and 
Commons. He helped in the preparation of financial state- 
ments regarding the application by municipalities for loans 
from the Local Government Board and London County 
Council for electric lighting purposes. Subsequently he joined 
the staff of the County of London Electric Supply Co. under 
Sir Harry Renwick. 

In 1910 he opened up business in India, where he carried 
out extensive engineering projects and shipbuilding work. 
He was one of the founders, and Honorary Organizing 
Secretary, of The Institution of Engineers (India). On the 
outbreak of the First World War, he was commissioned in 
an Indian regiment, but shortly afterwards he was recalled by 
the Government of India to undertake war work in Calcutta 
and Bombay. It was for these services that he was honoured 
with a knighthood when he retired from India in 1922. 
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After a prolonged oversea tour in 1923 in the interests of 
British trade—a tour including the West Indies, South 
America, the United States and Canada—Sir Montague 
joined the board of W. T. Henley’s Telegraph Works Co. in 
1924. He became Chairman of the company in 1933, and held 
this position for twenty years until 1953, retiring from the 
board two years later. Under his leadership the company 
enjoyed a period of growing prosperity. He won a ready 
response from the staff and work-people by his appreciation 
of their efforts and by his enthusiastic support of their social 
activities. It was characteristic of his regard for them, and, 
indeed, of his pleasure in helping those less fortunate than 
himself, that shortly before his death he should have founded 
a trust for the benefit of ‘necessitous and deserving persons’. 

He was elected a Fellow of the Royal Society of Arts in 
1919, and subsequently became a Vice-President and member 
of the Council. In his youth he was a keen athlete, winning 
many trophies for swimming, and represented both Middlesex 
and Surrey at water polo. He married in 1900 Florence Smith, 
who died in 1952, and he is survived by two sons. 

Sir Montague joined The Institution as an Associate in 
1912 and was made a Companion in 1929. From 1913 to 1922 
he served as Honorary Secretary of the Calcutta Local 
Section. F. W. M. A. 


GEORGE DUTHIE LEYS 


George Duthie Leys, who died on the 12th August 1956, was 
born on the 18th March 1875. He was educated at the Grammar 
School and Gordon’s College, Aberdeen, and served a six- 
year apprenticeship with W. McKinnon and Co., Aberdeen, 
during which time he attended evening classes at Gordon’s 
College. Moving to England, he spent a year with Crompton 
and Co., Chelmsford, and two years with Mr. F. J. Warden- 
Stevens, consulting engineer of London, on the drawing and 
designing of power-station plant. 

In 1900 he became an engineer with W. T. Glover and Co., 
working on cable laying and general installation work, and in 
1902 he joined the City and Suburban Electric Carriage Co., 
London, as Assistant Manager. The following year he joined 
the City of London Electric Lighting Co., as Senior Shift 
Engineer, and worked for the next two years at the Bankside 
generating station. 

In 1906 he entered the service of the Admiralty in one of 
the Electrical Engineering Departments formed three years 
previously to deal with the gradual introduction of electricity 
into H.M. ships, and with electrification work in the Royal 
Dockyards. Mr. Leys’s first appointment was to the Royal 
Dockyard at Haulbowline, Ireland. During his Service career 
he occupied posts at various Royal Dockyards at home and 
abroad, in Malta (1908-1919), Rosyth (1919-24), Hong Kong 
(1924-26), Chatham (1926-31), Devonport (1931-34), and 
once again Malta (1934-37), where he completed his service 
as Superintending Electrical Engineer in charge of the 
department there. 

He rejoined for duty during the Second World War, and 
served at Bermuda from January 1941 to November 1944. 
For his work on the Japanese destroyers at Malta during the 
First World War he was in 1920 awarded a Japanese decora- 
tion, the order of the Rising Sun (fourth class), and he was 
also commended for his work at Hong Kong in 1924. 

He served in more dockyards than most other Admiralty 
electrical engineers and was favourably remembered in all of 
them. He was a man of sterling character—an able and 
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reliable engineer who made great contributions to the early 
establishment of the Dockyard Electrical Departments and 
to their subsequent efficient operation. He had a quiet but 
very pleasant disposition and a fine and impressive military 
bearing. Calm in the face of all emergencies, he was able to 
communicate that calm to those under him. He earned the 
respect of all his associates in the Service and was particularly 
beloved by his subordinates, to whom he gave considerable 
freedom and always the staunchest support. 

Mr. Leys joined The Institution as an Associate Member 
in 1906 and was elected a Member in 1912. W. M. C, 


ROBERT WILFRED LUCAS PHILLIPS 


Robert Wilfred Lucas Phillips, who died on the 2nd July 1956, 
was born on the 25th October 1872. He was educated at 
Bristol Grammar School, where his father was science master, 

In 1889 he became an articled pupil with the Taunton 
Electric, Lighting Co., which was purchased by Taunton 
Corporation in 1893. 

In 1894 he joined the staff of Bristol Electricity Department 
as a charge engineer, and rose to the position of City Deputy 
Electrical Engineer. He held the latter post until 1901 when 
he was appointed Borough Electrical Engineer to Bedford 
Electricity Department, where he stayed until his retirement 
in 1938. One of the first jobs which he undertook after coming 
to Bedford was to change the street lighting from gas to 
electricity. 

During the First World War he saw service with the Royal 
Flying Corps, and from 1917 till 1919 he was an instructor in 
aerial navigation. 

In 1930, with the encouragement of the Electricity Com- 
missioners, he commented an interesting experiment in the 
intensive electrification of about 100 square miles of a typical 
rural area. This was known as the Bedford Rural Demon- 
stration Scheme and was closely watched by other under- 
takings throughout the country. 

During his professional life many distinctions came his 
way. He was an active member of the Incorporated Municipal 
Electrical Association; in 1921 he was elected to the I.M.E.A. 
Council, and became its President for the year 1926-27. He 
represented the I.M.E.A. on several committees of The 
Institution and the British Standards Institution including the 
Electrical Industry Committee of the latter. He was a member 
of the National Consultative Committee appointed by the 
Central Electricity Board, and represented the Board on the 
Council of the British Electrical Development Association, 
of which he was Chairman in 1931. He was also a member 
of the No. 9 District Joint Board from the time of its inception 
until his retirement. He gave notable service to the Borough 
of Bedford during the thirty-seven years he was Borough 
Electrical Engineer. 

At the time of his retirement Mr. Phillips was still a very 
active man, and at the outbreak of the Second World War 
was soon back in harness serving as Food Executive Officer 
for Bedford, a post which he held until 1950. 

He was a great humorist and philosopher, and his unfailing 
courtesy endeared him to all who came in contact with him. 
He had many local interests but in particular they centred on 
the Bedford Arts Club and the Bedford Camera Club. He is 
survived by two sons and a daughter. 

Mr. Phillips joined The Institution as an Associate in 1897 
and was elected an Associate Member in 1899 and a Member 
in 1926. A. A. N. 


JOURNAL I.E.E. 








ass 


pul 


ref; 
Pir 
ref 
Ele 


En 
an 
19¢ 
an 


oft 
or 
litt 


early 
} and 
t but 
litary 
le to 
d the 
larly 
rable 


mber 
M. C. 


1956, 
d at 
ster, 
nton 
nton 


nent 
puty 
vhen 
ford 
nent 
ning 
s to 


oyal 
yr in 


om- 
ical 


10n- 
der- 


ing 


on 


97 
er 











ALFRED JAMES RYAN 


Alfred James Ryan, M.B.E., who died on the 21st May 1956, 
was born on the 7th October 1879. He was educated at the 
Higher Grade School, New Brompton, Chatham, and 
received his technical training both there and at the Chatham 
Technical Institute. For two years he obtained practical 
experience with various firms and authorities, including 
Chatham Dockyard, and entered the electricity supply 
industry in 1897, when he joined the Chatham, Rochester and 
District Electric Lighting Co. as an assistant electrical engi- 
neer. He held responsible positions at power stations at 
Wimbledon and Gillingham—the latter for ten years—and 
in 1913 he was appointed Chief Assistant Electrical Engineer 
at Hastings, where he remained until his retirement in 1945. 
His promotion was steady, and he was made Borough 
Electrical Engineer in 1927. 

Among the offices he held was the chairmanship of the 
South Coast Section of the Electrical Power Engineers’ 
Association, and he was a member of the South Eastern 
Regional Fuel Efficiency Committee during the Second 
World War. 

During his forty-eight years in the electrical industry, Mr. 
Ryan saw many big changes. He had experience with some 
of the first turbine generators and the early Diesel plant, and 
could remember the use of Brooks's mains, namely cables 
drawn into iron pipes filled with insulating oil. At Hastings 
he saw the old works in Earl Street replaced by the new power 
station at Broomsgrove, while the number of consumers rose 
from 1 400 in 1913 to 29000 in 1940. 

It is interesting to recall that in a talk to the Hastings 
Rotary Club in 1930 he prophesied the advent of nuclear 
energy, and its revolutionary results. During the war he 
assisted in the Pluto project, when it was arranged that 
Hastings should give bulk supply to Folkestone for the 
purpose of helping to pump petrol under the Channel. 

Mr. Ryan was an early exponent of the value of the domestic 
refrigerator, and in 1937, in conjunction with Mr. W. F. T. 
Pinkney, he delivered an important paper on domestic 
refrigeration to the Convention of Incorporated Municipal 
Electrical Associations at Brighton. 

For over twenty years he was honorary Consulting Electrical 
Engineer to the Royal East Sussex and Buchanan Hospitals, 
and was appointed an M.B.E. in the New Year Honours in 
1948. He was particularly keen on the training of young men, 
and his kind interest will be remembered by many. 

In his younger days he was an enthusiastic swimmer, and 
often broke the ice on the swimming pool in the Medway in 
order to swim during the winter. His business life left him 
little time for outside activities, but he always took an interest 
in the community life of Hastings. He was a keen freemason, 
and a founder member of St. Michael’s Lodge. He leaves a 
widow, two daughters and two grandchildren. 

Mr. Ryan joined The Institution as an Associate in 1901 
and was elected an Associate Member in 1904 and a Member 
in 1929. H. F. K. 


THOMAS PERCIVAL SHILSTON 


Thomas Percival Shilston, B.sc., WH. EX., who died on the 
18th June 1956, was born on the 25th April 1879. He was 
educated at the Royal Grammar School, Newcastle upon 
Tyne, and after a three-year apprenticeship with the Wallsend 
Slipway and Engineering Co. he entered Durham College 
of Science, Newcastle upon Tyne, as a full-time student. He 
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obtained the Whitworth Exhibition in 1900 and the B.Sc. 
honours degree in physics in the following year. 

From 1902 to 1909 he worked for the British Westinghouse 
Electric and Manufacturing Co., of Manchester, in the 
drawing office and estimating department, and then moved 
to London as a commercial engineer of the company. In 1916 
he was appointed to the London Export Department, but 
later in that year he transferred to the London staff of the 
Westinghouse International Co. of Pittsburgh. In 1924 that 
company made considerable reductions in their oversea staffs. 
In consequence Mr. Shilston joined the London office staff 
of the Victoria Falls and Transvaal Power Co. His activities 
concentrated more on the technical, and less on the com- 
mercial, aspect. He played a leading part in the design of the 
Klip and Vaal power stations. 

When the Victoria Falls and Transvaal Power Co. was 
incorporated in the nationalized Electric Supply Commission 
for South Africa in 1949, Mr. Shilston joined Ewbank and 
Partners Ltd., consulting engineers of London, where he 
remained until his retirement in December 1951. During this 
period his outstanding interests concerned power stations at 
Abadan and Tenby. 

Although Mr. Shilston was a very quiet, retiring sort of 
man, he nevertheless had a happy gift of inspiring a friendly 
regard in all those with whom he worked. Even though his 
last direct links with the Westinghouse Co. had been many 
years previously, he was up to the end a very welcome 
attendant at gatherings of old employees of the company. 

Mr. Shilston joined The Institution as an Associate in 1902 
and was elected an Associate Member in 1908 and a Member 
in 1948. W. A. C. 


FRANCIS MORLEY WARD 


Francis Morley Ward, who died on the 25th April 1956, was 
born on the 10th April 1881. He was educated at the William 
Ellis School, Highgate, and then took a five-year course of 
commercial and legal training. After a period in his father’s 
office he turned to engineering and entered an apprenticeship 
with the National Telephone Co., London, obtaining his 
technical training by studying for ten years at evening classes 
at various London technical colleges. He stayed with the 
National Telephone Co. for five years after the end of his 
apprenticeship, and when the company was taken over by the 
General Post Office in 1912, he worked as a Chief Inspector 
in the Post Office Engineering Department, supervising the 
maintenance of exchanges in an area of 120 square miles in 
North London. 

In 1913 he joined the Relay Automatic Telephone Co., 
London, as Chief Engineer, working on the development of 
patents relating to automatic telephony, and in 1920 he was 
promoted to General Manager of the company. 

He left this employment in 1925 to become Chief Inspector 
of Construction and Maintenance with the International 
Telephone and Telegraph Corporation in Spain, where he 
remained until his retirement in 1931. 

During the Second World War Mr. Ward served in the 
aircraft inspection department and later in the cable depart- 
ment of the Ministry of Supply, London. In the latter post 
he was in control of raw materials and labour for the cable 
industry, and acted as liaison officer with the Board of Trade. 
He remained there until 1951, since when he had been in 
private practice as a consultant. 

Mr. Ward joined The Institution as an Associate Member 
in 1911 and was elected a Member in 1923. B. C. H. 
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CONVENTION ON FERRITES 


On the following pages appear synopses of papers read at the 
Convention on Ferrites, which was held at the Institution 
building from the 29th October to the 2nd November 1956. The 
papers are arranged in the order in which they were presented, 
and the numbers of the papers are given opposite the names of 
the authors. The complete Proceedings of ihe Convention con- 
taining the full text of all the papers and reports of the discus- 
sions will be published in Supplements to Part B of the Pro- 
ceedings of The Institution. Individual Reprints of the papers 
will not be available. 


INTRODUCTORY LECTURE 
Willis Jackson, D.Sc., D.Phil., Dr.Sc.Tech., F.R.S. 


SESSION A.1—CHEMICAL AND PHYSI- 
CAL PROPERTIES AND PREPARATION 


A. J. E. Welch, Ph.D. 2261 


The Chemistry and Crystal Structure of Ferrites and Other 
Magnetic Oxides 


A brief review is given of magnetic oxides of the principal 
structure types, and of the chemical techniques used in their 
synthesis. Fields are indicated in which further chemical and 
crystal-structure investigations are needed. Recent work at 
Imperial College (on spinel solid solutions, gamma ferric 
oxide, cadmium ferrite, lead ferrites, and strontium ‘ferrate’) 
is summarized, and the preparation of small single crystals 
of nickel and nickel-zine ferrites is described. 541.67 


Alison E. Carter, M.A., Ph.D., P. A. Miles, Ph.D., and A. J. E. 
Welch, Ph.D. 2262 


Structural and Magnetic Properties of Solid Solutions of 
Lithium Ferrite with Cadmium Ferrite and with Lithium 
Aluminate 


Measurements of magnetization (at temperatures down to 
90° K) have been made by means of a Sucksmith magnetometer 
on lithium ferrite (LiFe;O,) and the following solid solutions: 
LiFes;Og—-CdFe,0, (25, 35, 50, and 7S5mol % CdFe ,O,) 
and LiFe;O,-LiAl,O, (10, 20, 30, and 40mol % LiAI,Og). 
The cation distributions in these materials have also been 
determined as far as possible by X-ray examination. Magnetic 
and structural measurements both indicate (a) that cadmium 
ions enter tetrahedral ion-sites in the first solid-solution 
series, and (b) that aluminium ions in the second series replace 
ferric ions in both tetrahedral and octahedral sites, with an 
increasing preference for octahedral sites as the aluminium 
content increases. The temperature dependence of magnetiza- 
tion for the materials (revealing cases of Néel’s R-, P-, and 
probably N-type behaviour), and the effects of changes in 
g-value for the iron atoms are discussed. 538.221 :541.67 


N. C, Tombs, Ph.D., and J. Watkins, B.Sc. 2235 


The Physical and Chemical Properties of Some Nickel-Zinc 
Ferrite Compounds 


The work reported forms part of a general investigation of 
the mechanisms giving rise to magnetic and dielectric losses in 
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ferrites. For this purpose nickel—zinc ferrite was chosen as a 
simple system containing materials whose properties fall 
within a convenient range for measurement. 

In particular, the paper describes the preparation and some 
properties of a series of nickel—zinc ferrites in which the iron 
content has been made less than the stoichiometric value, 
The primary aim in preparing these materials was to find to 
what extent the resistivity at microwave frequencies could be 
increased in such iron-deficient preparations. Although an 
increase of the resistivity at 9-6Gc/s from about 50 ohm-cm 
to 500 ohm-cm is obtained, this alone would not be adequate 
for practical materials. Other properties of the materials have 
been measured and their variation with iron content explained. 

621.318.12 : 538.221 


L. R. Maxwell and S. J. Pickart 2190 
A Note on Crystal Formation in the Metallic Oxides 


The paper describes the behaviour of trivalent non-metallic 
oxides of the general formula N3*+O,; when heated to the 
usual sintering temperatures with divalent metallic oxides of 
the general formula M?2+O. Various combinations of metals 
and non-metals are considered. In many instances the com- 
ponents would not react leaving unmixed phases; when reac- 
tion did occur no cubic spinels were formed. The relative size 
of the trivalent and divalent ion is apparently important for 
the formation of solid solutions. 

A double trivalent substitution of both Sc}+ and Al’+ for 
Fe3+ in nickel ferrite did not yield a compensation point. 

The relation to ferrite applications is included. 548.5 


P. E. Ljung 2193 
Ferrite Materials for Faraday Rotation at Wavelengths of 
3,6 and 10cm 


Since the beginning of the use of ferrites for microwave 
applications, commercially available materials have been 
used with success at wavelengths of 3cm and less. However, 
it has been felt that at 3cm, and even more at longer wave- 
lengths, the properties of these materials are not the best 
obtainable. Therefore, a number of investigations have been 
made of the influence on the microwave properties of varying 
ferrite composition. The introduction of a significant quality, 
called ‘specific attenuation’ has made it possible to find 
optimum compositions with respect to insertion loss in 
applications. Results hitherto obtained with three-component 
systems at wavelengths of 3, 6 and 10cm are presented 
graphically, together with recommendations as to how the 
performance of the best materials can be further improved by 
the inclusion of a fourth component, in case such a procedure 
were found expedient. 621.318.12.029.6 


A. E. Robinson, B.Sc. 2263 


The Preparation of Magnesium—Manganese Ferrites for Micro- 
wave Applications 


The conditions for the preparation of a magnesium—manganese 
ferrite have been investigated, and a suitable process is 
described. Low loss, an essential feature for microwave use, 
has been shown to be related to the equilibrium oxygen 
content of the final product. 

The course of the solid reactions during firing have been 
investigated by means of the thermobalance and chemical 
examination of fired material. This investigation shows the 
importance of some of the steps in the process of preparation. 


JOURNAL I.E.E. 
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C. Guillaud, Ph.D. 2221 


The Properties of Manganese—Zinc Ferrites and the Physical 
Processes Governing them 


The paper outlines some of the electrical and physical pro- 
perties of manganese-zinc ferrites and the mechanisms by 
which they occur. It shows that initial permeability depends on 
stoichiometry, granular structure and composition, while the 
temperature coefficient of permeability is controllable by the 
addition of small amounts of trivalent metallic impurities. 
The influence of composition and manufacturing conditions 
on the losses, Curie point and induction is examined, and a 
note on the high-frequency properties is included. 621.318.12 


SESSION A.2—MAGNETIC SPECTRA 


J. B. Birks, B.A., Ph.D., D.Sc. 2217 
Magnetic Spectra 


The various types of magnetic spectra are reviewed. In 
ferromagnetic metals, relaxations of various time-constants 
occur. Above 200 Mc/s, the magnetic dispersion is attributable 
to incomplete penetration of surface domains due to skin 
effect, and internal phenomena are not observed. In low- 
conductivity paramagnetic materials, three types of relaxation 
have been found, namely spin-lattice, spin-spin, and a third 
yet to be identified. 

The application of a static magnetic field normal to the h.f. 
field causes electron-spin resonance absorption at the Larmor 
precession frequency. This induced resonance, which has been 
observed in paramagnetic materials, ferromagnetic metals and 
ferrites, is broadened by relaxation effects. Similar induced 
nuclear magnetic resonance is found at lower frequencies. 

The magnetic spectra of the ferrites exhibit similar natural 
resonances in the absence of an applied static field. These 
resonances, which occur in both the microwave and rf. 
regions, are due to domain spin rotations in the internal 
anisotropy field, and to domain-wall displacements. Magnetic 
dispersion due to relaxation of translational and other mag- 
netization processes occurs at radio and lower frequencies. 
The relaxation of irreversible magnetization processes also 
occurs in the low-frequency region. 621.318.12: 538.2 


J. K. Galt, A. B., Ph.D. 2181 
Losses in Ferrites: Single-Crystal Studies 


A simple experiment on ferromagnetic resonance absorption 
in single crystals of ferrites is déscribed, and the method 
of deducing the physically significant parameters of the ferrite 
from the results of such experiments is derived. Experimental 
results at 24000 Mc/s, and the parameters deduced from them 
in this way, are given for (NiO) .75(FeO) .2;Fe,O; and for 
(NiO)o.9s(FeO)o.9sFe2O;. The results indicate that the 
presence of divalent iron gives rise to an important loss 
mechanism. Another experiment is described in which the 
motion of an individual ferromagnetic domain boundary is 
observed in a single crystal, and results of such an experiment 
on (NiO) .7s(FeO)o.2sFe,O; at various temperatures are 
given. They indicate that the damping of domain-wall motion 
in this material increases by a large factor (100 or more) as 
the temperature decreases from 300 to 77° K. An elementary 
thermodynamical calculation is given which describes both 
types of experimental results in terms of a torque relaxation. 
Elastic-constant and conductivity measurements which yield 
relevant results are also discussed briefly. 621.318.12 
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G. T. Rado, Ph.D., V. J. Folen, M.A., and W. H. Emerson, 
A.B. 2174 


Effect of Magnetocrystalline Anisotropy on the Magnetic 
Spectra of Mg—Fe Ferrites 


Results of new experiments on magnesium-iron ferrites at 
26 and —196°C are presented. These include measurements 
of the first-order magnetocrystalline anisotropy constant K 
of monocrystals, and of the magnetic spectrum (the frequency 
dependence of the complex initial permeability) of poly- 
crystals. If a newly observed inversion dependence of K is 
neglected, the values of K at room temperature are repre- 
sented by K = —85000x —25000ergs/cm*, where x is defined 
by the formula (MgO),_ ,(FeO),Fe,0;. Frequencies between 
zero and 10*Mc/s were used for the magnetic spectra, and 
two or three pronounced dispersions were observed in each 
ferrite. Some earlier investigations concerned with the mag- 
netic spectra of sintered ferrites possessing two broad dis- 
persion regions are reviewed. It is concluded from the present 
and earlier investigations that the radio-frequency dispersion 
region and the static initial permeability are primarily due to 
domain wall displacements, and that the microwave dispersion 
region is primarily due to domain rotations that occur in an 
effective field due to magnetocrystalline anisotropy as well as 
static and dynamic magnetic interactions. 621.318.132 


K. J. Standley, M.A., D.Phil., and J. Peters, B.Sc. 2191 
Ferrimagnetic Resonance in a Magnesium—Manganese Ferrite 


The effect, upon the ferrimagnetic resonance curve, of 
different ferrite firing temperatures in the range 1250- 
1450°C has been studied. The ferrite used had the approxi- 
mate composition 0-9MgO, 0-1 MnO, 0-8 Fe,0;, and 
measurements were made on polycrystalline spheres at wave- 
lengths close to 0-866 and 1-244cm. Two parameters are used 
to describe the resonance curve: AH, is the amount by which 
the resonance field is less than that required for a g-value of 
2-00, while AH, is the separation of the two points on the 
resonance curve where the absorption is half maximum. 

The experimental data show that: 

(a) The observed g-values are close to 2-00, and AH, does 
not significantly alter on changing the measuring frequency. 
It decreases with increase of temperature. 

(6) For a given sample, AH, is substantially the same at the 
two frequencies, but decreases with increase of temperature. 

(c) At a given measuring temperature, AH, decreases with 
firing temperature up to 1 350°C but is not markedly altered 
by the higher firing temperatures 1 400 and 1 450°C. 

Possible contributions by magnetocrystalline anisotropy 
and specimen porosity to the observed effects are briefly 


discussed. 621.318.12 

SESSION A.3—MOLECULAR 

INTERACTION 

R. Nathans, S. J. Pickart, S. E. Harrison and C. J. Kriessman 
2182 


Neutron Diffraction Studies of the Manganese—Magnesium 
Ferrite System 

Several compositions of mixed manganese—magnesium ferrite, 
Mg,Mn,_ ,Fe,0,4, have been examined by neutron diffraction 
in order to determine the distribution of the manganese 
cations and the position of the oxygen anions in the spinel 
lattice. The compounds chosen, with y = 0-25, 0-50, 0-75 
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and 0-90, were quenched from both 1400° and 1000°C. 
For all the samples dealt with, the results indicate that the dis- 
tribution of the manganese cations is appreciably unaltered, 
i.e. approximately 90° of the manganese present remains 
fixed in the tetrahedral sites. The average bond length in the 
tetrahedral site for the various compositions, as determined 
from the oxygen position and the unit cell size, has been found 
to decrease with increasing concentration of manganese. This 
change may be interpreted as a measure of the covalent 
bonding of the cations occupying these sites. On this basis, 
continued substitution of manganese for magnesium results 
in a greater covalent bonding on the tetrahedral sites, and an 
estimate has been made of the relative covalent bonding 
strengths of Mn?+ and Fe?+. 621.318.132 


W. P. Osmond, B.A., B.Sc. 2195 


Magnetic Exchange Mechanisms in Magnesium-Manganese 
Ferrites 


Reported values of saturation magnetization in iron-deficient 
magnesium manganese ferrites show significant variations 
from those expected by the simple theory of the ferrimagnetism 
of spinel ferrites. These variations have been qualitatively 
explained by the occurrence of angles between the spin 
directions of groups of ions, either in octahedral (B) lattice 
sites, or in both these and tetrahedral (A) sites, associated 
with the presence of trivalent manganese ions in these posi- 
tions. Since the assumed grouping of ions is not necessarily 
the only possibility, the problem is re-examined in the paper 
from the point of view of semicovalent exchange. 

It is shown that this mechanism can account for the mag- 
netic properties of simple ferrites quite as well as super- 
exchange, and in terms of A-B interactions alone, and it 
provides a clearer picture of the electron transfer constituting 
double exchange than that given by the original mathematical 
theory. In the more complicated magnesium manganese 
ferrites the same principles are shown to be compatible with 
the observed results, but mathematical treatment of the 
probable relative positions of magnetic and non-magnetic ions 
is needed for closer correlation. The existence of angles 
between ordered spins is probably a mathematical fiction, 
the reduction in net magnetic moment of each sublattice being 
caused by a degree of semicovalent bonding of trivalent 
manganese ions in B sites, which deflects the oxygen orbitals 


from directly collinear A and B cations. 621.318.12 
SESSION A.4—D.C. AND L.F. 
PROPERTIES 

Professor L. F. Bates, Ph.D., D.Sc., F.R.S., and D. A. 
Christoffel 2212 


Heat Changes Accompanying Magnetization Processes in 
Ferrites 


A brief survey is given of the method of measurement of 
the small thermal changes which accompany changes in 
magnetization, together with an outline of the procedure for 
the discussion of experimental data based on current theories 
of ferromagnetic processes. New measurements are described 
on a series of ferrites which include nickel—-zinc, manganese— 
zinc, magnesium-zinc and lithium-chromium specimens. 
Evidence is presented that domain boundary movements occur 
in low fields; in high fields rotation of domain vectors is para- 
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mount. Manganese-zinc ferrite shows a peak in the thermal 
changes in low fields, whereas with all the other specimens at 
room temperature a dip is observed. The magnetothermal 
behaviour of lithium-chromium ferrite is in accord with its 
unusual magnetic properties. 621.318.2 : 538.221 


L. R. Bickford, Ph.D., J. M. Brownlow, M.S., and R. F. 
Penoyer, M.S. 2188 


Magnetocrystalline Anisotropy in Cobalt-Substituted Magne- 
tite Single Crystals 


The growth of single crystals corresponding to x = 0 (high- 
purity magnetite), x = 0-01 and x = 0-04 in the composi- 
tion series Co,Fe; .O,4 is described. First- and second-order 
anistropy constants (K, and K>) of these crystals are deter- 
mined by the torque method over the temperature range 
120-450° K. The substitution of small amounts of cobalt for 
iron is found to add a positive contribution to K, and negative 
contribution to K,. At low cobalt concentraions the magni- 
tude of this contribution is a linear function of the amount of 
cobalt added. It is suggested that the effect of cobalt on the 
anisotropy is enhanced by the presence of divalent iron in 
magnetite, and that the change in sign of K in magnetite at 
about 130°K is not caused by the presence of cobalt or any 
other foreign impurity. 621.318.12 : 548.7 : 538.221 


SESSION C.1—SQUARE-LOOP 
MATERIALS 


J. B. Goodenough, Ph.D. 2183 


The Influence of Chemistry on B]H Loop Shape, Coercivity and 
Flux-Reversal Time in Ferrites 


The factors which influence the shape of the B/H loop, the 
coercivity, the permeability and the flux-reversal time in 
ferrimagnetic spinels are considered on two levels—macro- 
scopic and atomic. To minimize consideration of shape-depen- 
dent properties, the ferrite components are assumed to be 
toroids. With the assumption that domain walls are present 
in the material, the influence of grain-boundary magnetic 
poles on ferrite properties is determined in terms of measur- 
able physical parameters of the material. From these relation- 
ships it is possible for the design engineer to determine the 
optimum parameters for a given application. The spinel-like 
magnetic oxides may, to the first approximation, be con- 
sidered as ionic lattices. The directional character of the ionic 
orbitals is emphasized to describe the influence of covalent 
effects on magnetic moment, magnetic exchange, and crystal- 
line anisotropy. These effects are applied theoretically to the 
cations of particular interest in ferrites. Finally, some proper- 
ties of several ferrites are displayed graphically to illustrate 
the importance of processing and chemistry on the magnetic 
character of ferrospinels. 621.318.12 


O. Eckert, Dipl.Phys. 2233 


Ferrites with Constricted Loops and Thermal Magnetic 
Treatment 

The investigation of magnetic hysteresis loops has been, and 
will be in the future, too, an essential part of the development 
of magnetic materials. These investigations are of great 
practical importance for the engineer from the application 
side, and reveal much physical information of great theoretical 
value. 621.318.12 


JOURNAL I.E.E. 
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SESSION B.1—MICROWAVE 
INTRODUCTORY SESSION 


P. J. B. Clarricoats, B.Sc.(Eng.), Student, A. G. Hayes, B.Sc., 
and A. F. Harvey, D.Phil., B.Sc.(Eng.) 2229 


A Survey of the Theory and Applications of Ferrites at Micro- 
wave Frequencies 
The paper opens with a brief review of gyromagnetic media 
in general, followed by a more detailed description of the 
microwave behaviour of a ferromagnetic medium, of which 
ferrites form a suitable class of material. The general physical 
properties of ferrites are outlined briefly, together with a 
description of several of the mechanisms to account for the 
dispersion which occurs in their r.f. permeability. The propa- 
gation of an electromagnetic wave through an infinite ferrite 
medium is considered. The properties of different guided 
systems containing ferrites are then studied. The behaviour 
of various ferrite waveguide structures is described and their 
applications are suggested. Most of the data quoted is from 
published papers but in a few instances some unpublished 
work of the authors has been included for completeness. 
An extensive bibliography completes the survey. 

621.372.852.22 : 621.318.12 : 538.566.2 


SESSION B.2—MICROWAVE THEORY 
AND MEASUREMENTS 


P. J. B. Clarricoats, B.Sc.(Eng.) 2202 
Some Properties of Circular Waveguides Containing Ferrites 


The paper describes some results of an experimental inves- 
tigation of the propagation behaviour of circular wave- 
guides containing longitudinally magnetized ferrite rods. 
Measurements have been made at 9-250kMc/s using nickel— 
zinc ferrite. Reasonable correlation is obtained between 
experimental and theoretical results for the limiting cases of 
the thin ferrite rod and the waveguide completely filled with 
ferrite. Factors determining the propagation behaviour in a 
partially filled waveguide are discussed, and are illustrated 
by experimental results. The dependence of propagation 
behaviour on ferrite-rod diameter is studied in detail, using 
polystyrene foam and polystyrene as supporting media. 
621.318.12 : 621.372.8 


I. G. MacBean, B.Sc.(Eng.). 2205 
The Measurement of Complex Permittivity and Complex 
Tensor Permeability of Ferrite Materials at Microwave 
Frequencies 


A review is given of the techniques available for measuring 
the properties of ferrite materials at microwave frequencies. 

A detailed account is given of permeability and permittivity 
measurements in the 3cm band using a cavity technique. The 
input impedance of an H,,-mode cavity loaded with a ferrite 
disc or sphere is derived by a perturbation calculation. The 
equivalence between this impedance and the input impedance 
of two tuned coupled circuits is shown, and hence the ferrite 
permeability is derived from accepted circuit theory. 

The range and accuracy of the apparatus is discussed, and 
the results of measurements on a wide range of ferrites using 
this technique are presented. 621.317.335.3 : 621.317.41 
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R. A. Waldron, B.A. 2225 


Theory of the Measurement of the Elements of the Permeability 
Tensor of a Ferrite by Means of a Resonant Cavity 


The ‘intrinsic’ and ‘external’ permeabilities of a ferrite are 
defined, and the relationship between the elements of these 
tensors is discussed. The derivation from Maxwell’s equations 
is given of the magnetic field in a ferrite sphere when this is 
placed in a uniform microwave field perpendicular to the 
polarizing field. This result is used in the calculation of the 
frequency shift which takes place when a ferrite sphere is 
placed in a resonant cavity. From the frequency shift, the 
elements of either permeability tensor can be calculated. Also, 
regarding the frequency shift as complex, the change in the 
Q-factor on introducing the ferrite sphere can be used to 
calculate the imaginary parts of these elements. The deriva- 
tions of the frequency shift given by previous authors are 
reviewed, and certain misconceptions are cleared up in the 
light of the theory given in the present paper. 621.318.12 


SESSION C.2—SQUARE-LOOP 
APPLICATIONS I 


W. Renwick, M.A., B.Sc. 2236 


A Magnetic-Core Matrix Store with Direct Selection using a 
Magnetic-Core Switch Matrix 


The paper describes the magnetic-core matrix store developed 
for a large high-speed digital computer, Edsac II. The store 
has a direct selection system for reading, and the access 
switch using a matrix of switch cores is described. The results 
of measurements to find the optimum operating conditions 
for the storage cores, and circuit details of the storage unit 
are included. Design criteria are established for the size and 
winding details of the switch cores. The proposed permanent 
store for frequently used subroutines and constants is also 
described. 621.318.42 : 621.374.32 : 681.142 


D. S. Ridler and R. Grimmond, M.Sc. 2189 
The Magnetic Cell: a New Circuit Element 


The paper describes the properties of the circuit element 
formed by a wire passing through a hole in a block of rect- 
angular-hysteresis-loop ferrite. This element is considered in 
relation to a small core of the same material, first as a storage 
element and secondly as a gatingelement. 621.316.5 : 621.3.042 


C. J. Quartly, M.A., A. L. Cain and R. W. Clarke, B.Sc.(Eng.) 
2241 
A Matrix Store for Data Rate Conversion 


A description is given of a parallel-access ferrite-core store 
which forms part of a data-handling system. 

The storage capacity is 13750 binary digits. In any 10sec 
period, up to 625 words of 22 digits each can be written into 
the store at a random rate, and over the same period, the in- 
formation in the 625 storage positions is read out sequentially 
and destructively at a fixed rate. Thus, conversion of a random 
to a regular flow of information is achieved by means of the 
store. Some of the circuits incorporated in the store and the 
construction of the core matrix are described. 

621.374.3 : 621.318.42 : 681.142 
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D. W. Willis, M.A. 2192 


A Ferrite-Core Switch-Matrix for Magnetic-Recording-Head 
Selection 


The simple circuit of a rectangular-hysteresis-loop core 
driving an inductance is discussed. Cores may be used as 
saturable transformers, the power transfer being inhibited by 
the application of a steady bias. Methods of pulse modula- 
tion, requiring current in a recording head of either direction, 
require two cores associated with each head, if this property 
is used for selection. The operation of the two-core circuit 
is discussed. The introduction of a non-linear resistor enables 
the same head to be used for recording and reading. Details 
are given of the construction of a switch-matrix for head 
selection in the main store of an electronic digital computer. 


621.374.32 : 681.142 : 621.316.5 


SESSION B.3—MICROWAVE 
MEASUREMENTS AND PROPERTIES 


R. Derry, B.Sc., and M. S. Willis, M.A., B.Sc. 2215 


Microwave Faraday Effect and Conductivity in Nickel Ferrites 
and Ferrite-Aluminates 


Nickel ferrite was prepared from pure ferric acid and nickel 
oxides by firing at temperatures between 1090 and 1 350°C. 
The influence of the firing temperature on the Faraday effect 
at 3cm wavelength was studied. Results are reported for nickel 
ferrites with excess and deficiency of iron oxide, and for nickel 
ferrite—-aluminates. It is shown that low loss combined with 
high rotation may be obtained by using a composition 
deficient in iron oxide and firing at a high temperature. The 
loss in zero field of nickel ferrite may be reduced by replacing 
a small proportion of the iron by aluminium. Some corre- 
lation was found between the microwave loss of these ferrites 
and the conductivity measured at 10Mc/s. The d.c. con- 
ductivity was also measured and compared with the a.c, 
conductivity. 621.318.12 


S. Boronski, Dipl.Ing. 2207 
Some Properties and Applications of Ferrites at 3cm Wave- 
length 


The effect of temperature on some of the properties of 
ferrites in WG16 rectangular waveguide has been studied 
between 20 and 300°C. The properties investigated were the 
zero-field loss, the absorption at ferromagnetic resonance and 
the external applied magnetic field required for ferromagnetic 
resonance. For thin samples the variation of the properties 
can be explained, at least qualitatively, on the existing theory 
of ferromagnetic resonance, and the slight semi-conductor 
nature of ferrites. Thicker samples gave more complicated 
variations probably owing to ‘waveguide effects’ resulting 
from changes with temperature of the complex dielectric 
constant and the components of the permeability tensor. 
The behaviour with changes of temperature cannot easily be 
predicted. Some of the useful properties of ferrite inserts of 
triangular cross-section are given. 621.318.12 : 621.372.8 


J. Roberts, B.Sc.(Eng.), and C. M. Srivastava, M.Sc. 2219 


Measurement of Ferrite Properties in a Rectangular Cavity at 
10000 Me|s 


Two methods for the determination of tensor susceptibility 
components of ferrites, based on an exact solution of the field 
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equations, in contrast to the existing perturbation technique, 


have been developed. They have the advantage of enabling 


a larger amount of material to be introduced in the cavity, 
thereby producing a more accurate measurement of the 
properties of very-low-loss ferrites. Also, a method for the 
determination of dielectric constant and scalar permeability 
is described. 621.318.12 


SESSION C.3—SQUARE-LOOP 
APPLICATIONS II 


B. Bambrough, M.A., B.Sc. 2223 
A Digital Computer Based on Magnetic Circuits 


The paper discusses in some detail that part of a digital 
computer, Decca Cl, which has been built with ‘square’ 
hysteresis-loop ferrite cores. This part comprises the arith- 
metic and controlling circuits and the storage registers. 

The development of three basic logical circuits is indicated, 
and there is some discussion of the behaviour of these circuits, 
Designs of the basic circuits are given, and, using these, the 
logical designs of parts of the computer are indicated. 

One section of the paper is a brief description of those parts 
of the computer in which magnetic circuits combine with 
familiar electronic circuits. 621.374.3 : 621.318.2 : 681.142 


W. Six and R. A. Koolhof 2206 


Some Applications of Square-Loop Ferrite Cores in Tele- 
communication Switching Circuits 


After an introductory discussion of the importance of elec- 
tronic switching for certain functions in telephone and 
telegraph exchanges, the paper sets out the principles of switch- 
ing with square-loop ferrite cores and the advantage of their 
use in combination with transistors. 

Various examples are given of the use of square-loop ferrite 
cores in telecommunication switching circuits. They refer 
particularly to electronically controlled telephone exchanges 
(register, impulse generators, counting circuits, code con- 
vertors), a multi-metering system for telephone exchahges, a 
memory circuit for the storage of telegraph characters and 
finally an automatic reservation system for airline companies. 

621.395.65 : 621.318.124 


E. P. G. Wright 2234 


The Application of Square-Loop Ferrite Material in Data- 
Processing Systems 


Digital computing systems using very small ferrite cores 
have been developed because of the rapidity with which data 
can be inserted or withdrawn. The paper describes other 
applications of ferrite material in data-processing systems, 
either as toroidal cores or as blocks which are sub-divided into 
a number of independent cells by drilling holes through which 
the controlling circuit connections are threaded. 

One application takes the form of buffers for modifying the 
speed or mode of presentation of data; a second concerns 
counters, distributors and scalers, and, as an example of such 
requirements, an incoming line terminal for a telegraph 
exchange is quoted. 

Attention is directed to the possibility of using a ferrite 
selector and a ferrite store for electronic telephone-exchange 
systems employing time division. In both these applications 
speed is of importance. 

621.318.5 : 621.374.32 : 621.395.344 : 621.318.42 


JOURNAL J.E.E. 
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SESSION B.4—MICROWAVE 
APPARATUS I 


A. F. Harvey, D.Phil., B.Sc.(Eng.)- 2218 
Ferrite Structures for Millimetre Wavelengths 

The paper gives the results of the extension to higher fre- 
quencies of work already performed on ferrites, and outlines 
the applications of these results. The dispersion and absorp- 
tion occurring in ferrite materials in the presence of an applied 
magnetic field is briefly mentioned. A description is then given 
of measurements on typical ferrites with both longitudinal 
and transverse fields. It is shown how ferrite structures can 
be made to have non-reciprocal and other useful properties. 
The paper concludes with a description of the uses of these 
structures in such applications as switches, duplexers, radio- 


metry and cyclotron-resonance detection. 
621.372.8 : 621.318.32/.13 


R. M. Godfrey, B.Sc.(Eng.), B. L. Humphreys, B.Sc., 
P. E. V. Allin, B.A., and G. Mott, B.Sc. 2197 


Applications of Ferrites at 3cm Wavelength 


A consideration of the desirable properties in ferrites for 
microwave purposes is followed by an examination of some 
ferrites normally used at low frequencies, in order to assess 
their suitability at 3cm wavelength. 

The transverse-field and Faraday-rotation effects are then 
discussed, and work resulting in the design of practical 
medium-power isolators and circulators for 3cm wavelength, 
utilizing standard nickel-zinc ferrites, is described. 

The use of ferrite phase-shifting elements as tuning devices 
for low-power klystrons is considered and some experimental 
results are reported. 

Finally, consideration is given to the duplexing problem 
and to its possible solution with the aid of ferrite devices. 

621.318.12.029.64 


P. E. Ljung 2187 
Development of a Rotation Isolator for 6 cm Wavelength 


Constructional data of an isolator using Faraday rotation 
in a circular waveguide are given. The use of a reactive element 
for matching of the ferrite makes the use of a tapered rod 
unnecessary for this purpose, although short tapers are 
retained in order to get a more homogenous magnetization. 
Performance data for the device are given for frequencies 
between 4400 and 5000 Mc/s. 621.318.132 : 621.372.8 


SESSION E—CARRIER-FREQUENCY 
APPLICATIONS 


W. F. Glover, B.Eng., and S. E. Buckley, B.Sc. 2232 
Ferrites Applied to Carrier Frequency 


The properties of some ferrites and other magnetic materials 
in the carrier-frequency range are compared and an indication 
is given of the field of application of ferrites. 

In transformer design, insertion loss and return loss are 
examined in relation to the reluctivity of core materials, and it 
is shown that ferrites have advantages in the frequency range 
above 30kc/s. Examples are given of a ferrite-cored trans- 
former in the input network of a 0-3-12 Mc/s coaxial-line 
amplifier, a hybrid coil for the measurement of return loss in 
the range 1-100 Mc/s, and a 5kW transformer for 4-28 Mc/s. 

The design of inductors for carrier frequencies falls into 
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three main classes. In one class very high stability may be 
obtained with high Q-factor. In the second class, very high 
Q-factor is combined with high stability. In the third class 
adequate performance is accompanied.by very small size. 
621.314.2.029.5 : 621.318.42 : 621.318.12 


SESSION B.5—MICROWAVE 
APPARATUS II 


A. G. Fox 2220 
Notes on Microwave Ferromagnetics Research 


Ceramic Ferroxdure has been studied at 9,24 and 48kMc/s, 
and it has been established that the strong absorption at 
48kMc/s is due to resonance caused by a crystalline-aniso- 
tropy field of 18000 oersteds. This material has been used as 
a filter, as the active element in millimetre-wave field-displace- 
ment isolators, and as a broad-banding element in a 24kMc/s 
Faraday rotator. 

Broad-banding of Faraday rotators has also been carried 
out by using a dielectric cylinder surrounding the ferrite rod. 
Such an element has been used to build a circulator giving 
good performance from 10-7 to 11 kMe/s. 

Rectangular-waveguide resonance isolators have previously 
either yielded poor reverse-to-forward attenuation ratios, or 
provided very little reverse attenuation. By using dielectric 
loading adjacent to the ferrite element, it has been possible to 
obtain ratios of about 100 : 1 and reverse losses of more than 
20 dB per inch at 11 kMe/s. 

Studies have been made of the changes in pulse shape and 
attenuation which occur when ferrite devices are driven by 
power at kilowatt levels. Some of the results confirm the new 
spin-wave theory of non-linear ferrite behaviour proposed by 
Suhl and Anderson. 

A circulator employing ferrite-loaded coupled waveguides 
has been constructed for the first time and the idea has been 
proved feasible. This type of circulator may possess an 
advantage in high-power applications, since the full power is 
not applied to the ferrite. 

A Faraday-rotation switch has been built for 58kMc/s 
which is capable of turning transmission on or off in 1 micro- 
sec. This shows promise for radar and modulator applications. 

621.318.1.029.64 


Elizabeth Laverick, B.Sc., Ph.D., and Ann Rivett-Carnac, M.A. 
2222 


Some Measurements and Applications of the Microwave 
Properties of a Magnesium-—Manganese Ferrite in the 8-9 mm 
Waveband 


An investigation has been made of the effect of an axial 
magnetic field on the microwave properties of a magnesium- 
manganese ferrite in the 8-9 mm waveband. Using cylindrical 
ferrite samples in a circular guide, measurements were made of 
the insertion loss, reflection coefficients, Faraday rotation and 
ellipticity produced by the ferrite. 

621.372.852.22 : 621.318.1.029.64 


A. Langley Morris 2226 
The 45° Faraday-Rotation Ferrite Isolator 


The wave propagation in a dielectric rod is used to explain 
the behaviour of ferrite rods in 45° Faraday-rotation isolators. 
The influence of the diameter of the rod and of variations in 
wavelength upon the Faraday rotation are considered. 
621.318.12.029.6 


757 





HOME EVENTS 








LONDON 
ORDINARY MEETING 


Electrical Machines with a New Look 


At the meeting on the evening of the 25th October, in 
conjunction with the British Nuclear Energy Conference, 
Dr. L. R. Blake read a paper on the electromagnetic pumps 
which have been developed for pumping liquid metals. This 
development has arisen from their use in nuclear energy 
plants, where the pumped fluid has to be completely sealed 
off, but the pumps may well prove in future to have other 
applications. The paper was principally concerned with the 
pumps themselves, but there was some consideration of their 
applications. Dr. Blake made the general point that to almost 
any type of electrical machine there was a corresponding 
electromagnetic pump. Conduction pumps as a class, for 
example, correspond to machines where both stator and rotor 
are fed with current; whereas induction pumps correspond to 
induction motors in which only the stator is fed, the rotor 
currents being induced. 

In the discussion, most speakers mainly considered the 
relative merits and characteristics of the various pumps for 
differing purposes and circumstances, and the chief contro- 
versial point which arose concerned the principal theoretical 
feature in which induction pumps differ from induction 
motors. In an induction motor, the rotor is under continuous 
electromagnetic action, whereas in a pump the place of the 
rotor is taken by the liquid metal, which merely passes 
through the moving field. There are therefore special end 
effects connected with the entry and exit of the fluid into and 
out of the magnetic field, and there seemed some difference 
of opinion whether these end effects were the same in flat 
pumps as in annular pumps. G. H. R. 


RADIO AND TELECOMMUNICATION 
SECTION 


The Electronic Age 


In his Chairman’s Address at Savoy Place on the 17th October 
1956, Dr. R. C. G. Williams reviewed the growth and present 
position of the electronic industry, and looked ahead to 
future developments. 

In this country the industry now employs about 200000 
people and has an annual turnover of some £200 million, of 
which £34 million represents exports. The rapid growth 
during the past forty years shows no signs of abating and is 
creating heavy demands for engineers and technicians. A 
recent estimate puts the requirement of the industry at 1000 
professional engineers and 4000-5000 technicians a year. 
To satisfy this demand the output of graduate engineers will 
have to be increased, and it would be advantageous to 
encourage more women to enter the profession. 

Since the last war progress in the electronic industry has 
been greatly influenced by research into the properties of 
materials in the solid state. This work has led to the develop- 
ment of the ferrites as useful magnetic materials, to the 
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improvement of phosphors for use in cathode-ray tubes and 
fluorescent lamps and to the invention of several semi- 
conductor devices, of which the transistor is the most 
important. The introduction of these new materials has been 
accompanied by the use of new manufacturing techniques, 
such as miniaturization and printed circuits, which offer great 
promise for the future. 

The new developments are changing the character of the 
electronic industry, which owes its rapid growth largely to 
the manufacture of consumer goods. It is now predicted that 
within ten years nearly 50% of the total turnover will be 
represented by capital equipment for industry—for automa- 
tion, for the control of atomic energy, for aids to clerical 
work and so forth. Properly directed, this shift of emphasis 
will lead to an improvement in the standard of living and will 
be of lasting benefit to mankind. Cc. W. O. 


UTILIZATION SECTION 


Balanced Development of Load 


The first meeting of the new session on the 11th October 1956 
was the occasion for the Inaugural Address of the new 
Chairman of the Section, Mr. H. J. Gibson, who dealt with 
the balanced development and the diverse applications of 
electricity supply. These, he said, fell naturally into three 
main groups—industrial, domestic and commercial—each of 
which could make a complementary contribution towards 
enabling the capital plant to be used to maximum advantage. 
During the day there were periods in which existing applica- 
tions might be extended or new ones introduced, and the low 
usage of all groups during the night invited attention to 
encourage greater use at such times. The wide diversity of use 
within each group was of equal importance, because many 
applications having individually low load factors could play 
as valuable a part in generally improving the load factor as 
those involving a more continuous use. 

It was interesting to note that Mr. Gibson, when stressing 
that a wide knowledge of the various applications of electri- 
city, both established and new, should be possessed by 
commercial engineers of Area Boards, suggested that a more 
appropriate title for them might be utilization engineers. He 
also described several interesting examples of developments 
in the demand for electricity, which were of value from the 
aspect of load factor. A particularly novel innovation in the 
presentation of this address was the use of a coloured film, in 
part of which Mr. Gibson appedred, drawing attention to 
certain salient points on curves and diagrams. His depicted 
movements synchronized with the relevant words actually 
spoken by him at the meeting. 

A vote of thanks was accorded to Mr. Gibson after his 
address, and the proceedings terminated with a vote of 
thanks to the retiring Chairman, Mr. D. B. Hogg, for his 
work and leadership during his term of office, and the 
customary presentation to him of a certificate to commemo- 
rate the occasion. p. H.R. 


JOURNAL I.E.E. 
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READING 
DISTRICT MEETING 


There was a large attendance at the meeting on the 12th 
November for an informal discussion on The Thirteenth 
Edition of The Institution’s Wiring Regulations. This ranged 
over the application of the Regulations to floor-warming 
installations, combined gas/electric appliances, ring circuits, 
and so many other subjects and questions of interpretation 
that it was a late hour when the Chairman, Mr. J. L. Bates, 
closed the meeting. 

The discussion was opened by Mr. Forbes Jackson, who 
briefly reviewed the history of the Regulations and the 
circumstances leading to the issue of the 13th Edition. He 
was warmly thanked by Mr. H. D. Symons for the patient 
and understanding manner in which he dealt with all the 
various points raised, some of which it was hoped would be 
taken note of for the 14th Edition. H. R. J. B. 


BRISTOL AND CARDIFF 


WESTERN CENTRE 


Chairman’s Address 


The Western Centre is active again. With the advent of winter 
time, shorter days and longer nights, the clans have begun to 
gather. The first meeting—to hear the Chairman’s Address— 
was held on the 8th October at the new engineering labora- 
tories of Bristol University, the first time the Centre had met 
there. Before the actual address, the outgoing Chairman, 
Mr. T. G. Dash, paid his tributes to the officials of the Centre 
for their support during his year of office, in particular the 
Honorary Secretary, Mr. F. F. Freeling. In introducing his 
successor, Professor G. H. Rawcliffe, Professor of Electrical 
Engineering at Bristol University, Mr. Dash gave a brief 
survey of the Professor’s career, and wished himi every success 
in his year of office. The new Chairman proposed a vote of 
thanks to Mr. Dash and presented four Institution premium 
certificates. 

Professor Rawcliffe then gave his address on Electrical 
Science and Electrical Industry. Those acquainted with the 
virile, ebullient and cheery professor could expect a stimula- 
ting and thought-provoking address, and in this they were 
not disappointed. Dealing with the relationship between the 
universities and the electrical engineering industry, he disposed 
of many widely held views of the purpose of the universities. 
He vigorously defended them from the accusation of not 
contributing directly to the advancement of the electrical 
industry, and made a plea for a more practical approach to 
the training and education of students. 


WESTERN UTILIZATION GROUP 


The first meeting of the new session took place at the South 
Wales Institute of Engineers, Park Place, Cardiff, on the 
22nd October 1956. Mr. E. R. Radway was installed in the 
chair. He was introduced by the retiring Group Chairman, 
Mr. W. H. Small, who thanked the Committee and members 
of the Group for their kind support during his year of office; 
he wished especially to mention Mr. V. R. Rose, who had 
been his guide during the whole period. Mr. Rose had recently 
resigned the position of Honorary Secretary and therefore the 
vote of thanks to him covered more than last year. He has 
now been succeeded by Mr. G. M. Hughes-Caley of Bristol. 
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Mr. Radway, on taking the chair, thanked the members for 
electing him to office, and also proposed a vote of thanks to 
Mr. Smali for carrying on so ably during his period of office. 

The Group Chairman then introduced the Utilization 
Section Chairman, Mr. H. J. Gibson, who gave his Chair- 
man’s Address, previously delivered in London. This included 
some very good graphs and illustrations. It was evident that 
these aids were duly appreciated, and Mr. J. F. Smith, in his 
vote of thanks, referred to them particularly. Oo: 2... 


EDINBURGH AND GLASGOW 


SCOTTISH CENTRE 
Simultaneous Addresses 


Unavoidable circumstances made it necessary for the South- 
East and South-West Scotland Sub-Centres to have their 
Chairman’s Addresses on the same evening, the 16th October 
1956, in Edinburgh and Glasgow. In Edinburgh Mr. F. G. 
Bennett, after being installed as Chairman by Mr. W. B. 
Laing, the retiring Chairman, spoke on the electrical con- 
tracting industry. Mr. Bennett outlined the vast range of 
activities covered by a modern electrical contracting firm. 
These involve not only knowledge and experience of technical 
matters such as the application of electric drives, electronic 
and other control equipment, power distribution, installation 
work, and electric heating and lighting; but also a close 
acquaintance with numerous regulations, accounting methods, 
labour relations and sales techniques. Many of the large 
audience present had hitherto hardly realized the wide 
ramifications and importance of the contracting industry, and 
when Mr. Bennett hinted that a modest profit might occa- 
sionally be made, they felt it to be well deserved. 

In Glasgow Dr. J. W. McFarlane upheld the widely but 
erroneously held Scottish tradition of trying to get something 
for nothing by speaking of the heat pump. In making some 
excavations beneath his house Dr. McFarlane had discovered 
an admirable source of low-temperature heat, and by 
assembling lengths of piping and other engineering para- 
phernalia had managed to pump sufficient heat from this 
source to provide ample warmth for his home. Further 
experiments were also being carried out in adjacent premises 
on using the heat pump for water heating. The audience 
thoroughly enjoyed Dr. McFarlane’s address, not only for 
the pleasant and amusing way in which it was delivered but 
also for the sound engineering common-sense and enterprise 
that it described. 

In Glasgow also, on the 25th October, Mr. P. A. V. Thomas 
gave an interesting informal paper on An Introduction to 
Computers; this provided a most useful preface to the more 
formal paper on the Tridac computer, which was read 
subsequently in both Edinburgh and Glasgow. &. ©. T: 


LEEDS 
NORTH MIDLAND CENTRE 


Service to Salmon 

At our second ordinary meeting on the 6th November 1956, 
our Chairman, Mr. W. K. Fleming, after welcoming one new 
Corporate Member and presenting an Institution Prize to 
Mr. C. G. Done for his success in the H.N.C. examination, 
went on to give a special welcome to members of The Institu- 
tion of Civil Engineers, who had joined us for the meeting. We" 
were next introduced to the speaker, Mr. L. H. Dickerson, 
who presented the late Mr. T. Lawrie’s paper Highland Water 
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Power—the Developments of the North of Scotland Hydro- 
Electric Board. 

We found that this paper was a quite fascinating account 
of the remarkable progress made by the North of Scotland 
Hydro-Electric Board in building hydro-electric power 
stations, particularly during the past seven years. We were 
impressed by the infinite care taken in the survey stage to 
gather, to divert, and to store water as part of a master plan 
to harness to the full the natural energy available. 

Mr. J. D. Nicholson, in opening the discussion, gave full 
credit to the Hydro-Electric Board for their skill in making 
this a commercial proposition although their load density was 
thirty times lower than that in our own area. He spoke 
amusingly about the fact that one seventh of the paper was 
devoted to the problems of salmon, and referred to the 
difficult economic problems of pumped storage, which had a 
low capital cost but a high running cost. Six other speakers, 
including some civil engineers, joined in the discussion, which 
covered the subject very adequately. The speaker, Mr. 
Dickerson, replied to the debate in an interesting manner, and 
issued a cordial invitation to all our members to visit any of 
the Board’s stations should they be in the vicinity. 


UTILIZATION GROUP 
A New Motor from Bristol 


Our first meeting on the 16th October 1956, attended by 
about fifty members, was the occasion when we welcomed 
our new Chairman, Mr. R. S. Spence. The retiring Chairman, 
Mr. J. C. W. Wilkinson, in handing over the chair, paid 
tribute to the loyal support of the Group Committee, 
mentioning especially Mr. N. S. Goddard, who had repre- 
sented the Group on the Section Committee, and the Hono- 
rary Secretary, Mr. G. Auton, for his work for the Group. 
Mr. A. R. Rumfitt admirably expressed the thanks of the 
Group to the retiring Chairman, recalling Mr. Wilkinson’s 
long association with the Centre and his still fairly recent 
work in the Graduate and Student Section. 

We were then presented with the paper entitled The Develop- 
ment of a New 3:1 Pole-Changing Motor by Professor G. H. 
Rawcliffe and Mr. B. V. Jayawant. We found Professor 
Rawcliffe’s enthusiasm and exuberance quite infectious, and 
this, coupled with the very practical demonstrations by Mr. 
Jayawant, gave us a clearer picture of this rather difficult 
subject than would otherwise have been the case. The dis- 
cussion, led by Dr. T. H. Barton and continued by three other 
speakers, all with an academic background, showed a grasp 
of the subject which was our envy and pride. Our thanks to 
the authors were well expressed by our Chairman, and, in the 
unavoidable absence of Mr. J. R. Rylands, the appeal for 
the Benevolent Fund was made by Mr. J. C. W. Wilkinson, 
resulting in a hat collection of five pounds. 


EDUCATION DISCUSSION CIRCLE 


The first meeting was held on the 30th October 1956, when 
thirty-one members under the chairmanship of Dr. G. N. 
Patchett were present to hear Dr. D. A. Jones open a 
discussion on The Teaching of High-Voltage Testing. Dr. Jones 
had arranged several demonstrations, which materially helped 
to illustrate points in his discourse and to stimulate the useful 
discussion which followed. Dr. Patchett very ably proposed a 
hearty vote of thanks to the opener, Dr. Jones, and also 
included in his thanks Professor G. W. Carter, who had been 
kind enough to arrange for this meeting to take place at Leeds 
University. 
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> 
DISTRICT MEETING AT HULL 


The meeting at Hull on the 11th October 1956 was the first 
to be held jointly with the Graduate and Student Section of 
the North Midland Centre. The convener, Mr. W. S. Milner, 
welcomed the guests, and asked Mr. D. Pitts to take the chair, 
Mr. Pitts thereupon introduced Mr. E. G. Hopper, Vice- 
Chairman of the Graduate and Student Section, who read his 
paper entitled Protection of Electricity Supply Networks. This 
paper, which was such a success when it was read at Bradford, 
proved equally stimulating to our members, and a very lively 
discussion by eight speakers led by Mr. A. Neave ensued. 
Our thanks to the author were expressed by Mr. Milner. J. L, 


MANCHESTER 
NORTH-WESTERN CENTRE 


Seventeen before him 


Two hundred members were present at the opening meeting 
of the 1956-57 Session, held at the Engineers’ Club, Man- 
chester, on the 2nd October 1956; at it took place the inaugu- 
ration of the newly elected Chairman, Mr. T. E. Daniel, who 
is Chairman of the North Western Electricity Board. 

There were present seventeen Past-Chairmen of the Centre, 
including Mr. J. S. Peck, whose year of office was 1910-11. 
The retiring Chairman, Mr. G. V. Sadler, opened the pro- 
ceedings and welcomed the Past-Chairmen, saying how glad 
members all were to meet them again and to note their 
continued interest in the North-Western Centre. He hoped 
this would continue for many years. He also welcomed five 
newly elected Corporate Members, and presented premium 
certificates to seven members of the Centre, and a letter of 
commendation to a Graduate. 

The Senior Centre Committee’s award for the best paper 
read before the Graduate and Student Section in the 1955-56 
Session was presented to Mr. J. C. Hopkins; this took the 
form of books to the value of 4gs. Institution prizes were 
presented to Mr. S. Dobson and Mr. G. W. Geddes for 
obtaining not less than 85°% of the possible marks in the final 
year of the Higher National Certificate. 

Mr. Sadler then inducted Mr. Daniel into the chair for the 
new session, saying that he was indeed the right man for the 
job. If members would give Mr. Daniel the same support that 
they had given to him, he was sure the new session would be 
a successful one. 

Mr. Daniel had pleasure in presenting to Mr. Sadler, accord- 
ing to custom, a certificate recording his year of office and 
a copy of The History of The Institution; this was suitably 
inscribed and contained the signatures of all the members of 
the Committee during his year of office. Mr. Sadler expressed 
his appreciation of these presentations—they were a record 
of a year he had enjoyed very much. 

Mr. Daniel then delivered his Inaugural Address, and this 
was received with attention and much interest. 

A vote of thanks to Mr. Daniel was moved by Mr. Sadler 
and seconded by Mr. Perry (senior Vice-Chairman). 

Forthcoming events in the Centre include: 


29th December Lectures for older schoolchildren. 
3lst December Dr. J. C. West on Automatic Control in 
Industry. 
Faraday Lecture. 
Annual Dinner at the Midland Hotel. 
% HM 


22nd February 
12th March 
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NORTHERN IRELAND 
SUPPLY SECTION 


‘The Supply Section Summer Visit was held this year in 


Northern Ireland under the genial chairmanship of Mr. L. 
Drucquer, ably supported by Mrs. Drucquer. The head- 
quarters was at the Grand Central Hotel, Belfast. Two 
hundred members and their ladies travelled to the city on 
the 6th September and spent a pleasant evening meeting old 
acquaintances from many parts of Great Britain. 

Amongst those present were two Past-Presidents, Sir John 
Hacking and Mr. J. R. Beard, and Mr. S. E. Goodall, a Vice- 
President. 

The visit began in earnest on the Friday morning, when the 
members divided into a number of parties covering a wide 
choice of visits—the York Street Flax Spinning Co. and its 
weaving mills, where the world-famous Irish linen and damask 
is made; several engineering works including Davidson and 
Co.; the British Tabulating Machine Co.; the Belfast Rope- 
work Co., the largest of its kind in the world; Gallaher Ltd., 
the tobacco manufacturers; and the fine Courtaulds factory 
at Carrickfergus, where one of the outstanding products is the 
high-tenacity viscose-rayon yarn used for tyre cords and 
industrial purposes. 

After this strenuous morning the whole party assembled for 
lunch at the Woodbourne House Hotel as the guests of W. T. 
Henley’s Telegraph Works Co., with Sir John Dalton, Chair- 
man of the company, in the chair. A leisurely afternoon was 
spent in a visit to the Parliament Buildings of, Northern 
Ireland at Stormont, where the guests were received by 
Lt.-Col. the Lord Glentoran, Minister of Commerce. The 
building was completed in 1932 and stands in a magnificent 
situation in parkland five miles from the centre of the city. It 
houses the Senate, the House of Commons and the chief 
administrative offices of the Northern Ireland Government. 

The evening was fully occupied with a reception and buffet 
dance at the City Hall, where the party was welcomed by the 
Lord Mayor of Belfast and the Lady Mayoress, supported by 

Mr. and Mrs. Drucquer. 





1. = An informal halt at Downpatrick Cathedral 
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2 Touring the Mourne country 
Mr. and Mrs. H. W. Grimmitt at the Silent Valley Reservoir 





A most interesting and enjoyable visit was made on Satur- 
day, in perfect weather, to the British Thomson-Houston 
Company’s new turbine factory at Larne, where members and 
friends were received by Mr. D. R. S. Turner, Manager of the 
works, and Mr. W. S. Steel, Sales Director of the B.T.H. Co. 
at Rugby. In welcoming the visitors Mr. Turner gave some 
interesting particulars of the building, which is now nearing 
completion, and which in due course will handle the company’s 
large turbo-alternator business. Much thought has been given 
to the training of local labour, and the schemes which have 
been introduced will deal with a steady influx each year of 
drawing-office and craft apprentices, thus helping to remedy a 
defect in Northern Ireland’s economy—the shortage of skilled 
labour. 

A tour of the works and of the existing blading factory 
was followed by lunch, during which Mr. P. J. Ryle, Chairman- 
elect of the Supply Section, expressed the 
thanks of the guests and congratulated the 
company on the fine work they were doing. 

The afternoon was free for sightseeing and 
shopping and other more strenuous exercises. 
It is reported that one member was even 
tempted by the sunshine to bathe in the sea 
north of Larne, and staunchly insisted after- 
wards that the experience was a pleasant one. 

Evening brought the party together again 
for a dinner-dance at the Grand Central 
Hotel. Guests included the Deputy Lord 
Mayor, representatives of the Belfast Corpor- 
ation Electricity Department and the Elec- 
tricity Board for Northern Ireland, and 
others who had acted as our hosts for the 
various visits. 

Mr. Drucquer (by this time known.locally 
as the ‘Electricians’ Chief’) made a happy 
speech of welcome to the guests and to all 
those who had done so much to make the visit 
a success. 

On Sunday, the weather continuing fine, 
the whole party toured the beautiful country 
south of Belfast, including Hillsborough, 
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the residence of the Governor of Northern Ireland, the Silent 
Valley reservoir, which supplies water to the city of Belfast, 
Rostrevor on Carlingford Lough and Newcastle on the Irish 
Sea, or in other words that romantic region ‘where the 
mountains of Mourne sweep down to the sea’. 

Owing to the difficulties of catering, the party was accom- 
modated for lunch and tea at hotels in Newcastle, Rostrevor 
and Killowen, the Metropolitan-Vickers Electrical Co. acting 
as hosts for lunch and the Electricity Board for Northern 
Ireland as hosts for tea. 

The whole party returned to Belfast in the late afternoon, 
after a very successful and happy week-end, some to take the 
night boat back to England, others to stay till the morning, for 
air travel. Lock 


{In the caption to the photograph reproduced on page 706 of last month's issue, 
we regret that the name of Mr. D. M. G. Newburn was incorrectly included in 
place of that of Mr. R. P. Watson, who appears in the photograph.—Editor.] 


OXFORD 
DISTRICT MEETING 


The secent completion of the transatlantic telephone cable 
added a topical note to Mr. R. J. Halsey’s informal talk on 
the cable project at the first Oxford District Meeting on the 
10th October 1956. The meeting, which was attended by 
sixty-six members and friends, was held in the district office 
of the Southern Electricity Board. 

Mr. Halsey gave a lucid summary of his paper A Trans- 
atlantic Telephone Cable and followed this with some off-the- 
record details of the actual laying operations. The talk was 
illustrated by slides of the cable terminals and the route taken 
by the cable. The kinking problem was one which received 
considerable attention during the discussion, and Mr. Halsey 
gave some information on a new type of cable construction 
which he thought might overcome this difficulty. 

Mr. W. F. Sands proposed a vote of thanks to Mr. Halsey 
and this was carried with enthusiasm. W. H. L. 


STAFFORD 
NORTH STAFFORDSHIRE SUB-CENTRE 


Impressions of Russia 


Changes in the programme for the coming session had to be 
made at rather short notice as a result of the Chairman-elect, 
Mr: A. T. Chadwick, having to go abroad for some weeks on 
business. As the Chairman’s Address could not be delivered 
as arranged on the Sth October, Mr. R. L. Batley very kindly 
agreed to give a talk on his visit to Russia with the C.E.A. 
team early this year. It is anticipated that the Chairman will 
give his address at Stafford on the 11th February 1957. Until 
Mr. Chadwick’s return the chair will continue to be occupied 
by Dr. E. R. Patrick. 

Mr. Batley suggested that if he first presented and com- 
mented on the slides of photographs (approaching 100 in 
number) he had taken during his visit, the ensuing discussion 
would then enable him to deal in more detail with any points 
of special interest. Mr. R. M. Charley opened the discussion 
and compared conditions found on his visit three years ago 
with those now described. Many members joined in the discus- 
sion, and some references were made to proposals for a line 
of 2000 MW capacity at 800kV and another at 1 000kV d.c. 
Russia is a place of contrasts and while evidence of modern 
construction was found, old-fashioned equipment and methods 
were still largely being used. Generally the standard of work- 
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manship was lower except on essential parts, where it was 
very good. Nearly all steam stations are used for district 
heating, and it is easier to make an economic case for this 
because all capital is provided by the State free of interest. 

In proposing a vote of thanks to Mr. Batley, Mr. R. W. 
Palmer said that his magnificent colour pictures had given us 
a very good imitation of an actual tour of Russia. 

A formal welcome was extended to three new Corporate 
Members—Mr. A. Bikker, Mr. W. O. Kelham and Mr. J. T. 
Jones. 

It was appropriate that we should be honoured at this 
meeting by the presence of Mr. G. S. C. Lucas, Vice-President, 
who had only recently returned from a visit to Russia. The 
Chairman introduced Mr. Lucas and thanked him for visiting 
the Sub-Centre. Mr. Lucas said he was very happy to be there 
and, as first Chairman of our sister Sub-Centre at Rugby, he 
knew the difficulties encountered in the early years and was 
gratified to see that both Sub-Centres were now well established 
and making good progress. He referred to the general fall in 
membership of the Graduate and Student Sections of The 
Institution, and suggested that the senior members might do 
more to encourage young engineers to join at an early stage 
instead of waiting until they were eligible for Corporate 
Membership. One of the objects of his recent visit to Russia 
was to investigate their methods of training engineers and 
technicians, and he outlined methods adopted there, and in 
this country, to increase the supply of trained manpower. 
His appeal for more support for the Benevolent and Homes 
Funds was met in a practical manner by a collection of five 
guineas before the meeting closed. 

Mr. H. A. P. Caddell proposed a vote of thanks to Dr. E. R. 
Patrick for the hard work he had done as Chairman of the 
Sub-Centre during last session. The Faraday Lecture had 
been given in the Sub-Centre for the first time and Dr. 
Patrick had played a large part in ensuring its unqualified 
success. He had worthily upheld the traditions of The Institu- 
tion and the Sub-Centre. 

Mr. Lucas then presented copies of The History of the 
Institution to Dr. Patrick and to Mr. J. G. Wood, who had 
retired from the office of Honorary Treasurer on leaving the 
district. In reply, Dr. Patrick thanked the Committee, and 
especially the Secretaries and Treasurer, for their excellent 
work during the session. He said the success of the Faraday 
Lecture was due to the co-operative effort of all the members 
of the Committee and many others who had given very 
valuable assistance. 

The meeting concluded with refreshments and a conversa- 
zione, which enabled members to renew contacts after the 
summer break. 

The Annual Dinner has been arranged for the 15th February 
1957 at the Crown Hotel, Stone. This preliminary notice will 
enable members to keep the date free. L.. Gs 


TYNE-SIDE AND TEES-SIDE 
NORTH-EASTERN CENTRE 


The new Chairman, Mr. J. Christie, delivered his Chairman’s 
Address in Newcastle upon Tyne on the 8th October 1956. 
He reviewed the employment of new methods and materials 
in a typical engineering works and showed how these were 
increasing efficiency. During the course of his address, which 
was liberally illustrated with slides and films, he gave many 
examples of new techniques covering a wide field of activities 
not only in workshops but also in offices and research 
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laboratories. Particular interest was aroused by examples of 
high-speed photography, which is now being used increasingly 
in circuit-breaker research to study the phenomena of arc 
extinction. 


Bounty for the Benevolent Fund 

Before the meeting on the 8th October closed, Mr. J. F. 
Skipsey reported on the Institution Benevolent Fund, and 
appealed for continuing and increasing support for it. 
Members will be pleased to know that the Golf Field Day, 
held jointly with the local branch of the Electrical Industries 
Benevolent Association in May, was again a great success 
both socially and financially. As a result of the day’s activities, 
and the prize draw associated with it, the Benevolent Fund 
has benefited by £167. 


More Impressions of Russia 

The second Centre meeting, a fortnight later, was of a less 
formal nature. Mr. N. F. Marsh and Mr. D. P. Sayers gave an 
account of the British electricity delegation’s recent visit to 
Russia, and Mr. Sayers showed a film which he had taken 
(without restriction by the authorities) while in the Soviet 
Union. Members were clearly very interested in all that the 
speakers had to say about life behind the Iron Curtain, not 
only the technical side, but also the everyday life of the 
Russian people they had seen. 

On the Sth November we took part in a joint meeting with 
the local branches of the Institutions of Civil and of Mechanical 
Engineers, at which Mr. B. L. Goodlet delivered his paper 
Nuclear Reactors for Power Generation. This dealt with 
problems of reactor technology and was the first of a number 


BUENOS AIRES 
ARGENTINA JOINT OVERSEA GROUP 


A meeting of the Argentina Joint Oversea Group was held on 
the 25th October 1956, when an interesting lecture was given 
by Sefior Don Guido C. Belzoni, Administrator General of the 
General Roca railway. The lecturer spoke in Spanish to an 
audience of some 350 persons, amongst whom was the 
Argentine Minister of Public Works. Also present were 
members of the British Engineering Association of the River 
Plate, the Association of Technologists of the River Plate, 
the Centro Argentino de Ingenieros, the Asociaci6n Argentina 
de Electrotécnicos, and the Sociedad Cientifica Argentina, as 
well as members of the staffs of the Argentine State Railways. 

Kj <. %. 


UGANDA 


Electricity Supply to Soroti 

On the 16th November 1956 Sir Andrew Cohen, Governor 
of Uganda, closed a switch to initiate supply to the township 
of Soroti in the Eastern Province of Uganda. This is the most 
northerly point yet reached by the Uganda Electricity Board. 
Soroti is the principal town and District Headquarters of Teso, 
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of papers on various aspects of nuclear power which members 
can hear during November and December. Other subjects of 
particular local and topical interest in this session’s programme 
are automation, television, and underground lighting in coal 
mines. 

Following favourable response from many members to a 
questionary circulated recently, it has been decided to organize 
one or two technical visits during the second half of the 
session, and details will be made known to members in due 
course. If these visits are well supported, similar activities will 
become a regular feature of our programme. 

It has been learned recently that we are to be honoured by a 
Presidential visit to our Annual Dinner and Dance next 
March, and that a Vice-President is to attend the Annual 
General Meeting at the end of the session. 


GRADUATE AND STUDENT SECTION 


Meetings of the Graduate and Student Section are once 
again in full swing, and, as a result of increasing interest and 
support from the Graduates and Students on Tees-Side, a 
sub-section has been formed there this year. A Graduate and 
Student Premium for last session has been awarded to a 
Tees-Side Graduate, Mr. R. J. Weir, for his paper The Design 
of a Low-Power X-ray Set. The Section is also holding district 
meetings in Cumberland, and in this connection it is pleasing 
to note that the Centre Prize—for the best Graduate and 
Student Section paper not gaining an Institution Premium— 
was awarded last session to Mr. R. Quayle and Mr. R. Strong 
of Workington for their joint paper Electricity as an Aid to 
Coal Mining. 5 C.. A 


NEWS from Abroad 


one of the six Districts of the Eastern Province, and is the 
centre of the cotton and hides trades in that part of Uganda. 

It is being supplied initially from a temporary local power 
station, with oil-engine generation, but a 75-mile 33 kV trans- 
mission line, now under construction, from Mbale will be 
commissioned next year, after which the supply will be from 
the Owen Falls hydro-electric power station 180 miles away. 
The 33kV line from Mbale to Soroti, with a branch line to 
Serere, will supply a number of villages, cotton ginneries and 
missions, with their schools and hospitals, and also the 
extensive Government Agricultural Experimental Station at 


Serere. 


OVERSEA ATTENDANCE REGISTER 


During the period Ist October to 31st October 1956 the following 
members called at the Institution Building and signed the Attendance 
Register of Oversea Members: 


CLARKSON, T. R., B.sc. (Wellington, 
New Zealand). 

DUNCAN-SMITH, COL. E., p.sc. 
(Amman, Jordan). 

GILL, D. M. (Colombo). 

GOODALL, G. R., M.sc.(ENG.) (Kuala 
Lumpur). 

HAYES, L. W., 0.8.£. (Geneva). 

HERRMANN, G. F. K., B.SC.(ENG.) 
(Bulawayo). 

HUNT, R. E. (Tripoli). 

JOHNSON, H. A., B.A. (Pretoria). 


KINELATO, J. E. (Takoradi, Gold 


Coast). 
MOLE, E. W. (Johannesburg). 
OLAFSSON, S. S., B.sc. (Reykjavik). 
RICHARDS, I. W., B.sc.(ENG.) (Cape 


‘own). 
ROSIN, J., s.sc. (Tel-Aviv). 
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MONOGRAPHS AND PAPERS 
published individually this month 


Synopses of monographs and papers published individually before the 
next issue of the Journal are given below, and, unless otherwise stated, 
their dates of publication are this month. Reprints of all papers are 
available about two months after publication in the Proceedings. The 
prices shown below are post free. When ordering please quote serial 
number of paper or monograph. Books of 8 vouchers may be obtained 
from the Secretary, price 10s. each. 
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ONLY 
More then 10 days be- 
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oh | ‘2 : ; ~~ || Proceedings) 
Reprints (after publica- Is. 3d. | ls. 3d. ! 
tion in the Proceedings) (includes | 
| discussion) | | 
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1 This charge includes a reprint of paper and discussion. ; 
2 If a reprint of paper and discussion is also required a remittance of Is. 3d. 
should be sent. 


MONOGRAPHS 


Transient Response of Two-Terminal Networks 
MONOGRAPH No. 212R 
O. P. D. CUTTERIDGE, M.Sc., Ph.D. 


The maximum possible increase in gain/rise-time for a 
2-terminal network with shunt capacitance is shown to be 
2-75 compared with the parallel RC case; the overall 
gain/rise-time figure for a cascade of m such stages is also 
deduced. As such networks would have a large amount of 
overshoot, those having a monotonic response to a step- 
function current drive are next considered. Improvement in 
figure of merit is shown to be greatest with complex poles and 
zeros, and the case of three poles, two of which are conjugate 
complex, is discussed in some detail. Finally, modifications 
are made to a network with three poles having a monotonic 
response so as to produce improved rise-time at the expense 
of a small amount of overshoot, e.g. a figure of merit of 1-90 
can be obtained with 1 % overshoot. 


The Diffraction of an Electromagnetic Wave by a Large 
Aperture 

MONOGRAPH No. 213R 

R. F. MILLAR, M.A. 


With the aid of methods previously developed, an approxi- 
mate expression is obtained for the difference from unity of 
the transmission coefficient for plane waves which fall 
normally on a large aperture in a plane perfectly conducting 
screen. The coefficient is expressed in the form of one or more 
‘line integrals taken around all (or part) of the aperture rim. 
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These may be evaluated analytically in certain cases, such as 
a circular or elliptical aperture. The result for the circular 
aperture agrees with that derived elsewhere. The ellipse is 
considered in some detail in the present paper, and the 
transmission coefficient is evaluated for a range of eccentrici- 
ties. The results appear to agree qualitatively with the limited 
available experimental data. 


The Relationship between Cathode Emission, Cathode Resis- 
tance and Mutual Conductance in Receiving Valves 


MONOGRAPH No. 214R 
M. F. HOLMES, B.Sc. 


The monograph is divided into three parts, concerned 
respectively with the measurement of cathode emission and 
resistance and with the relationship between these two 
parameters and the mutual conductance of a pentode receiving 
valve. 

Part 1 describes a method of extrapolating the zero-field 
total cathode emission at normal operating temperatures 
from the low-temperature emission measurement. It is shown 
that the final result is independent of contact-potential 
variations or potential drops across cathode, interface or 
collector films. The cathode work-function can also be 
derived from the extrapolation. 

The inadequacies of existing methods of measuring cathode 
resistance in normal valves are considered in Part 2, which 
examines the possibility of substituting an empirical relation 
between emission and resistance, whereby the average cathode 
resistance for a batch of valves may be quickly computed 
from the average cathode emission. 

In Part 3 are devised relationships between the state of the 
cathode and mutual conductance of the valve which are based 
on theory and experiment. These form models which may be 
compared with the life-test measurements of mutual con- 
ductance and low-temperature total emission. The model 
which accords best with the life-test results is that which 
employs the concept of the cathode state being a function, 
not of emission alone, but of emission and resistance together. 

In reaching this conclusion it is apparent that the validity 
of the comparison between the models and the life-test results 
must stand or fall by whether the assumptions which must be 
made in connection with the cathode work-function can be 
justified. With one exception it does, in fact, prove possible 
to justify all the assumptions required: the exception indi- 
cates, however, that the relationships which form the 
acceptable model have a limited, not a general, application. 


Transformer-Type Equivalent Networks 
MONOGRAPH No. 215 
PROFESSOR C. E. MOORHOUSE, B.Mech.E., M.E.E. 


Various equivalent circuits used, or suggested, for trans- 
formers and induction motors are examined by considering 
them as 4-terminal networks, and determining the corre- 
sponding general circuit constants by matrix methods. The 
author discusses the information obtainable from tests and 
proposes the use of the 4-terminal network since considerable 
generality is achieved by this approach. 


JOURNAL I.E.E. 
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PAPERS 


Symposium on the Transatlantic Telephone 
Cable, 24th January 1957 

The papers will be published individually on the 14th January 
1957, and the complete set will be republished in volume form 
as a special Supplement to Part B of the Proceedings in April 
1957. Reprints of individual papers will not be available. 


Foreword 

ParpeR No. 2230; Part B 

MERVIN J. KELLY, Ph.D., D.Eng., D.Sc., LL.D., and 
SIR GORDON RADLEY, K.C.B., C.B.E., Ph.D.(Eng.), 
President 

This is a short general introduction to the Symposium which 

sets the scene in which the cable project was undertaken, and 

discusses the technical contribution it has made to world 

communication. 


Transatlantic Telephone Cable System—Planning and Overall 
Performance 

Paper No. 2274; PART B 

E. T. MOTTRAM, R. J. HALSEY, J. W. EMLING and 
R. R. GRIFFITH 

The transatlantic telephone cable system was designed as a 

connecting link between continent-wide communication net- 

works on the two sides of the Atlantic. The technical planning 

of the system and the objectives set up so that this role would 

be fulfilled are the principal subjects of this paper. Typical 

performance characteristics illustrate how fully the objectives 

have been realized. 


System Design for the North Atlantic Link 

Paper No. 2275; PART B 

H. A. LEWIS, R. S. TUCKER, G. H. LOVELL and J. M. 
FRASER 

Specific aspects of the transatlantic cable system are covered 

in companion papers. The purpose here is to examine the 

design and performance of the North Atlantic link, including 

consideration of the choice of features, a description of the 

operational design, and an outline of measures available for 

future application in the event of faults or ageing requiring 

corrective action. 


Repeater Design for the North Atlantic Link 

PaPeR No. 2276; PART B 

T. F. GLEICHMANN, A. H. LINCE, M. C. WOOLEY and 
F. J. BRAGA 

The electrical and mechanical design of flexible repeaters and 

their component apparatus is discussed in this paper. This 

includes a description of the feedback amplifier and the 

pressure-resisting container that surrounds it. Examples are 

given of some of the extraordinary measures taken to ensure 

continuous performance in service. 


Repeater Production for the North Atlantic Link 
ParpeR No. 2277; Part B 
H. A. LAMB and W. W. HEFFNER 


Production of the submarine telephone cable repeaters, 
designed to have a minimum trouble-free life.of twenty years, 
required many new and refined manufacturing procedures. 


DECEMBER 1956 


Care in the selection and training of personnel, manufacturing 
environment, inspection, and testing, were of great importance 
in the successful attainment of the ultimate objective. Con- 
struction of electronic equipment for use at the bottom of the 
ocean, where maintenance is impossible and replacement of 
apparatus extremely expensive, required particularly unusual 
manufacturing methods. 


Power Feed Equipment for the North Atlantic Link 

PAPER No. 2278; PART B 

G. W. MESZAROS and H. H. SPENCER 

Precise regulation of the direct current which provides power 
for the undersea repeaters in the new transatlantic telephone 
cable is necessary to maintain proper transmission levels and 
to assure maximum repeater tube life. The greatest possible 
protection is needed against excessive currents and voltages 
under many possible fault conditions. Furthermore, to 
minimize the dielectric stresses, a double-ended series-aiding 
power feed must be used, and the balance of these applied 
voltages must be maintained in spite of substantial earth 
potentials. 


Electron Tubes for the Transatlantic Cable System 
Paper No. 2279; PART B 
J. O. McNALLY, G. H. METSON, E. A. VEAZIE and 
M. F. HOLMES 
Electron tubes for use in repeatered underwater telephone 
cable systems must be capable of use for many years with a 
reasonable probability of proper operation. In the new 
transatlantic telephone cable system the section of the cable 
between Nova Scotia and Newfoundland contains repeaters 
developed by the British Post Office Research Station. These 
repeaters are built around the type 6P12 tube developed there. 
The repeaters contained in the section of the cable system 
between Newfoundland and Scotland are of Bell System 
design and depend on the 175HQ tube. 


Cable Design and Manufacture for the Transatlantic Sub- 
marine Cable System 

Paper No. 2280; Part B 

A. W. LEBERT, H. B. FISCHER and M. C. BISKEBORN 
The transatlantic cable project required that two repeatered 
cables should be laid in the deep water crossing between 
Newfoundland and Scotland, and one across the shallower 
waters of Cabot Strait. The same structure was adopted for 
the cables laid in the two locations, there being variations in 
the armouring for deep, shallow and medium waters. 

This paper discusses the design of the cables and describes 
the method of manufacture, the equipment for control of 
cable quality, the process and final inspection procedures, the 
electrical characteristics of the cable and the mechanical and 
electrical reliability of the final product. 


System Design for the Newfoundland—Nova Scotia Link 
Paper No. 2243 R; Part B 

R. J. HALSEY, B.Sc.(Eng.), and J. F. BAMPTON, B.Sc.(Eng.) 
The design and engineering of the section of the transatlantic 
cable system between Newfoundland and Nova Scotia were 
the responsibility of the British Post Office. The transmission 
objectives for this link were agreed in relation to the overall 
requirements of the cable, and the paper shows how these 
were translated into system and equipment design, and 
demonstrates how, in the event, the objectives were realized. 
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Repeater Design for the Newfoundland—Nova Scotia Link 
Paper No. 2249R; Part B 


R. A. BROCKBANK, Ph.D., B.Sc.(Eng.), D. C. WALKER, 
B.Sc.(Eng.), and V. G. WELSBY, Ph.D., B.Sc.(Eng.) 


The Newfoundland—Nova Scotia link required the provision 
of 16 submerged repeaters each transmitting 60 circuits in the 
bands 20-260kc/s from Newfoundland to Nova Scotia and 
312-552kc/s in the opposite direction. The paper deals with 
the design and production of these repeaters. Each repeater 
has a gain of 60dB at 552kc/s, and the amplifier consists 
of two forward amplifying paths with a common feedback 
network. Reliability is of paramount importance, and pro- 
duction was carried out in an air-conditioned building with 
meticulous attention to cleanliness and to very rigid manu- 
facturing and testing specifications. The electrical unit is 
contained in a rigid pressure housing 9 ft long and 10 inches in 
diameter with the sea cables connected to an armour clamp 
and a cable gland at each end. A submerged equalizer was 
provided near the middle of the sea crossing. 


Power-Feed System for the Newfoundland—Nova Scotia Link 
Paper No. 2251 R; Part B 
J. F. P. THOMAS, B.Sc.(Eng.), and R. KELLY, B.Sc.(Eng.) 


Design engineers now have available the results of many 
years of operating experience of submerged-repeater systems 
supplied from electronic, electromagnetic and rotary-machine 
power equipments. To meet the very high standards of 
reliability required for the transatlantic telephone system, a 
scheme has been evolved that is a combination of new develop- 
ments and the best features of previous methods. Electronic- 
electromagnetic equipment forms the basis of an automatic 
no-break system requiring very little routine maintenance. 


Route Selection and Cable Laying for the Transatlantic Cable 
System 


Paper No. 2281; Part B 
J. S. JACK, W. H. LEECH and H. A. LEWIS 


The repeatered submarine cables which form the backbone of 
the transatlantic telephone cable project were installed during 
good weather in 1955 and 1956. This paper considers the 
choice of routes, describes the planning and execution of the 
laying, and presents a few sidelights on the human side of the 
venture. It also covers briefly the routing of some 60 nautical 
miles of repeatered submarine-type cable which were trenched 
in across the neck of the Burin Peninsula in Newfoundland, 
to connect the Terrenceville submarine terminus with the 
cable station at Clarenville. 


Other Papers to be Published Individually 
before the 15th January 1957 


A Simple Transistor Bridge 
PAPER No. 2247 M; Part B 
W. F. LOVERING, M.Sc., and D. B. BRITTEN, B.E. 


The paper describes a transformer bridge for the measurement 
of the impedance parameters of point-contact or junction 
transistors at 1500c/s. The bridge is simple and rapid in 
operation, and measures both real and imaginary components 
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of the parameters. A modification of the bridge connections 
measures the components of a simple equivalent circuit of a 
junction transistor. Further modifications are suggested which 
will allow for the measurement of admittance parameters, 
direct measurement of the impedance parameters of junction 
transistors connected in the common emitter circuit, or 
measurements at radio frequencies. 


Due for reading in the second half of the Session. 


Voltage Performance of Series Capacitors in Transmission and 
Distribution Lines 

PAPER No. 2252; Part A- 

J. M. MAGOWAN 


The paper is divided into three parts, the first of which deals 
with the advantages of series capacitors for voltage-control 
purposes, and suggests the possibility of dispensing with the 
use of capacitor protective equipment with certain 11kV 
distribution lines. The second part describes the performance 
of an existing installation in an 11kV line. The third part 
deals with a proposed installation in a long heavily loaded 
88 kV line. 


Due for reading in the second half of the Session. 


Electricity in Modern Commercial Horticulture 

PAPER No. 2272 U; Part A 

C. A. CAMERON BROWN, B.Sc., and A. W. GRAY 
The paper will be published on the 7th January 1957. 


Electricity has now come to play a substantial part in modern 
commercial horticulture. Some of the earlier applications, 
based largely on small-scale work, have not developed as 
hoped. Jn situ soil warming, for instance, has not taken its 
expected place in commercial horticulture, and large-scale 
glass-house installations are rare. On the other hand, the use 
of soil-warming equipment to provide bottom heat for 
propagation in frames and propagating cases has increased 
greatly. Direct electrical space heating was hardly expected to 
play any significant part in commercial glass-house work, but 
only through electrical auxiliaries has it been possible to 
develop various modern methods of large-scale automatic 
heating using either coal or oil. Probably the most promi- 
nent application of electricity to commercial horticulture is 
artificial lighting for plant growing in various ways. 


To be read on the 17th January 1957. 


Some Aspects of Heat-Pump Operation in Great Britain with 
particular reference to the Shinfield Installation 

PAPER No. 2273 U; PArt A 

MIRIAM V. GRIFFITH, B.Sc. 


Heat-pump operation in Great Britain is reviewed from the 
point of view of the electrical industry. The author discusses 
the factors which have to be taken into consideration for 
possible applications, e.g. sources of low-grade heat, capacity 
required, and special methods of utilization. 

British experience, including the results of laboratory 
investigations on heat transfer from the soil is described. 
Details of construction and operation of a practical 10h.p. 
heat pump, installed to warm a laboratory building, and 
using the earth as its source of low-grade heat, are given. 
Observations of performance include load factor and main- 
tenance and attendance. 


To be read on the 10th January 1957. 


JOURNAL I.E.E. 
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TECHNICAL PUBLICATIONS 





BRITISH STANDARDS 


Copies of the following publications can be obtained from the 
British Standards Institution, 2 Park Street, London, W.1. 
The prices given are post free. 


B.S. G.152 A.C. Electrically Operated Horizons for Aircraft 
3s. 6D. 

The Standard specifies the requirements for the construction 
and accuracy of electrically operated artificial horizons. It 
replaces that part of B.S. G.110 relating to electrically driven 
instruments. 


B.S. 1853: 1956 Tubular Fluorescent Lamps. 4s. 


This Standard, a revision of B.S. 1853: 1952, applies to the 
type of tubular fluorescent lamp known as MCF/U with 
pre-heated cathodes, used in switch-start circuits, and is 
essentially a specification for testing batches of lamps for 
quality and interchangeability. An appendix contains detailed 
requirements for the colour rendering of the light, and 
describes methods of testing. 

The text follows closely the international specification 
(I.E.C. Publication No. 81: 1956) which is being issued by the 
International Electrotechnical Commission, but unlike the 
internationa! specification it does not include provisions for 
assessing the quality of the whole product of a manufacturer. 
The Standard specifies methods of selecting lamps for testing, 
and emphasizes that the tests apply only to the individual 
batches. 


B.S. 2083: 1956 Dimensions of 3-Phase Electric Motors. 3s. 


This revised Standard provides for the complete mechanical 
interchangeability of various makes of squirrel-cage motors. 
Two important additions now strengthen its usefulness. The 
first is the inclusion of maximum overall external dimensions, 
which, though still allowing for variations between individual 
manufacturers, will enable the purchaser to calculate the 
minimum space needed to accommodate any make of motor. 
The second is the inclusion of the dimensions of flange- 
mounted motors. The Standard applies to industrial 3-phase 
50c/s motors with continuous maximum ratings in the range 
1-20h.p. (at 1500r.p.m.) and voltages up to 650 volts. 


B.S. 2776: 1956 Paper-Covered Rectangular Copper Con- 
ductors for Transformer Windings. 5s. 
This new Standard specifies material suitable for winding 
medium-sized power transformers. Methods of test are given, 
including an electric-strength test on the finished conductor. 
It has not been possible to standardize sizes of paper- 
covered strip, but a table of preferred sizes suitable for 
transformers up to 2000kVA is given. 


B.S. 2778: 1956 Organic Baking Impregnating Varnishes for 
Electrical Purposes. 3s. 

B.S. 2778 supersedes B.S. 119: 1930 ‘Clear Baking Oil Insu- 
lating Varnish for Electrical Purposes’ and B.S. 514: 1933 
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‘Baking Insulation Varnish (Bitumen Type) for Electrical 
Purposes’. The opportunity has been taken to include syn- 
thetic varnishes in a general specification for impregnating 
varnishes, and a test for polymerization has also been 
incorporated. 

A considerable reduction has been made in the maximum 
permissible drying time to bring this into line with current 
practice, and the drying must be carried out at any one of 
three stated temperatures. The determination of resistance to 
moisture now calls for total immersion instead of subjection 
to 95% relative humidity, and the test for ageing has been 
amended. Although the specification does not require that 
the varnishes should be suitable for use in insulating oil, 
many of them will in fact be suitable, but caution must be 
exercised when the varnish is in contact with cutting oil. 


E.R.A. REPORTS 


Copies of the under-mentioned E.R.A. Reports can be 
obtained from the British Electrical and Allied Industries 
Research Association, Thorncroft Manor, Dorking Road, 
Leatherhead, Surrey. The price of each report is given, and, 
unless otherwise stated, the cost of postage on a report is 4d. 


IB/T21 Report on Cast Blocks of Styrene-Divinylbenzene 
Copolymers by Dr. V. E. Yarsley. 6s. (POSTAGE 3D.) 


Styrene-divinylbenzene copolymers are prepared by casting, 
i.e. pouring a liquid mixture of the monomers into a container 
and polymerizing therein. 

The special advantage of cast styrene-divinylbenzene co- 
polymers is that they can combine very much better heat 
resistance than polystyrene, with electrical properties as good 
as, or even better than, polystyrene. Though such copolymers 
have been known for a considerable time and information on 
their mechanical properties and (to a lesser extent) heat 
resistance is available, exact data on their electrical properties 
are scanty. This report gives preliminary results on castings 
which were prepared to supplement this lack of information 
and to test the ease with which castings of good appearance 
can be obtained. 


L/T321 The Effects of Small Discharges on Some Insulating 
Materials—I by N. Parkman. 12s. 6p. 


The rate and mode of deterioration of some plastics when 
subject to small discharges in cavities enclosed in the material 
were investigated. A new electrode assembly was developed to 
enable the tests to be carried out in air. The effects produced 
by the discharges vary with the mechanical as well as the 
chemical properties of the material. 


L/T343 Ultra-High Frequency Breakdown in Irradiated 
Parallel Plate Gaps by W. A. Prowse and P. E. Lane. 
12s. 6D. (POSTAGE 6D.) 


The term ultra-high-frequency breakdown is used when the 
frequency is so high that the amplitude of to-and-fro drift 
movement of the electrons is less than the distance separating 
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the electrodes, even at breakdown stress. Only a limited 
amount of work has been done on the apparently simple case 
of a gas confined between plane parallel electrodes at pressures 
above a few millimetres of mercury. Pim measured the break- 
down stress of air up to atmospheric pressure at frequencies 
in the 100 Mc/s region. He found an abrupt decrease in 
breakdown stress as the gap length was increased, corre- 
sponding to the attainment of u.h.f. conditions. For further 
increases of gap length the breakdown stress remained 
constant. This constancy is at variance with theory, but the 
results might have been due to the short free life of an electron 
in air. The present report is concerned with measurements of 
u.h.f. breakdown stress in various polyatomic gases with a 
simple parallel-plate electrode system. 


L/T350 A Study of Ionization Coefficients and Electrical 
Breakdown in Hydrogen by A. Wilkes, W. Hopwood and N. J. 
Peacock. 12s. 6D. 


Experimental measurements of the Townsend ionization 
coefficient for hydrogen have been made from a study of pre- 
breakdown currents in uniform electric fields. The results, 
which indicate that earlier measurements may be in error, 
show good agreement with the theoretical calculations of 
Emeleus, Lunt and Meek, which are based on a Maxwellian 
distribution of electron energies. 

The results are discussed in the light of existing theories of 
electrical breakdown. 


L/T354 A Thermodynamic Treatment of Ferroelectricity and 
Antiferroelectricity in Pseudo-Cubic Dielectrics by L. E. Cross. 
3s. 

The Kittel-Devonshire phenomenological treatment of anti- 
ferroelectricity is extended to polarizations in three dimensions 
in a pseudo-cubic material. There are ten possible solutions 
of the proposed free-energy equation, corresponding to 
non-polar, ferroelectric, antiferroelectric and ferrielectric 
states, and expressions are derived for the polarization and 
dielectric-stiffness coefficients in these forms. 

With the use of the experimental data for NaNbO,, values 
of the constants in the free-energy expression are derived 
which give satisfactory agreement with the observed phase 
changes, optical anisotropies and dielectric constants in this 
material. 


N/T72 Ferromagnetic Domain Nucleation in Silicon Iron by 
L. F. Bates and D. H. Martin. 10s. 6D. 


Powder-deposit patterns obtained by the authors on single 
crystals of 3% silicon-iron permit the description of the 
processes of domain phase creation in terms of nucleation at 
inclusions in the surfaces. Domain nucleation is discussed in 
relation to various magnetic properties. 


T/T49 Phenomena Associated with the Debris Formed in a 
Meter-Type Bearing with Various Combinations of Materials 
and under Different Conditions of Speed and Loading, with 
Special Reference to Tungsten by G. F. Shotter. 15s. 
(POSTAGE 6D.) 


The report indicates that in an atmosphere containing oxygen 
and/or water vapour and when the bearing material is 
oxidizable, the product of wear is an oxide of the material— 
the particular oxide formed depending on the pressure and/or 
the speed. The materials used were tungsten/sapphire and 
tungsten/diamond. 
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ECONOMIC COMMISSION FOR 
EUROPE 


1. Organization of Electric Power Services in Europe. 3s. 


2. Methods employed for the Determination of Electric Power 
Consumption Forecasts. 5s. 


These two publications have been issued by the Economic 
Commission for Europe, and are available from the Sales Sec- 
tion, European Office, United Nations, Geneva, Switzerland. 

The first gives information about the organization of 
electric supply in 19 European countries. In addition to 
particulars of international bodies, Government services, 
private undertakings and associations of undertakings, the 
document includes information on professional societies, and 
bodies concerned with research and publicity. 

The second publication is a report which aims at providing 
information useful to those responsible for planning pro- 
grammes for power stations, transmission networks and 
distribution lines. Methods of forecasting future power 
consumption vary considerably from country to country, 
many countries employing several methods simultaneously. 
The report does not try to bring out the best methods in use, 
but rather to provide an inventory of current ones so that 
comparison can easily be made. 


Rural Electrification, Vol. 1. 5s. 6p. 
A set of ten papers dealing with the production, supply and 


‘use of electric power in rural areas has been published by the 


United Nations Economic Commission for Europe. The 
authors of the papers are specialists from seven European 
countries, and their subjects include standardization of 
voltages for agricultural equipment, use of ultra-violet rays 
in agriculture, and wind-driven power plant. The publication 
is issued as part of an E.C.E. study of rural electrification to 
make available to all countries the experience of those 
countries which have for some time tackled the problem. 

The publication is available from the Sales Section, Euro- 
pean Office, United Nations, Geneva, Switzerland. 


LONDON AND HOME COUNTIES 
REGIONAL ADVISORY COUNCIL 


Technical Information Services to Commerce and Industry. _|s. 


Whilst many large industrial concerns have their own special 
technical libraries and information services, most smaller 
firms have not. Details of existing schemes of co-operation 
between country and municipal, technical college, and 
industrial libraries, to provide technical information services, 
are given in a booklet recently published by the London and 
Home Counties Regional Advisory Council for Higher 
Technological Education, Tavistock House South, Tavistock 
Square, London, W.C.1. Recommendations for stimulating 
industry’s use of technical information services are included. 

The booklet indicates that several schemes have been 
introduced to make technical books, periodicals and informa- 
tion available through the public libraries of an area. They 
have developed successfully mainly where they meet a real 
local need, e.g. where the industry of a district is predomi- 
nantly of the same kind. The successful functioning of a 
scheme depends on the co-operation of special libraries in the 
area, and an awareness by the staffs in smaller firms of the 
importance of, and the available amount of, specialized 
literature concerning their work. 


JOURNAL I.E.E. 
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SOME RECENT BOOKS 





R. G. CANNING 


ELECTRONIC DATA PROCESSING FOR BUSINESS 
AND INDUSTRY 


NEW YORK: JOHN WILEY. LONDON: CHAPMAN AND HALL, 
343 PP. £2 16s. 


This book is quite excellent as far as it goes. The author 
starts by identifying a business as a whole with a control 
system, the task of the business being to produce and sell a 
commodity at the lowesi possible cost for the highest possible 
quality. There is no doubt at all that if a firm is intending to 
install the most suitable data-processing system, this must be 
the attitude not only of the management but also of the 
engineers whose job it is to design the system. 

The principles underlying the design of such a system are 
clearly presented, and the investigations, collection of statistics 
and simple calculations, required in order to present manage- 
ment with proposals for an acceptable scheme, are clearly 
set out. : 

The systems engineer in charge of a complicated project 
must always have sufficient breadth of outlook to consider 
the system, in this case a business, as a whole, and not only 
the equipment, in this case a data-processing system, for which 
he is responsible. Also he must start with an open mind, 
coupled with the initiative and energy to search for the best 
solution in the particular business he is considering. 

Mr. Canning brings out very clearly that what is good for 
one company may be bad for another, and in the last chapter 
there is an excellent discussion on the relationship between 
interim and long-range plans, in which he strongly emphasizes 
that interim plans should always be framed to fit in with more 
comprehensive long-term plans. In this country we too often 
jeopardize the future by ill-conceived short-term plans put 
into operation piecemeal before a long-term plan covering a 
wide field has been worked out. Mr. Canning has evidently 
given much thought to the presentation of far-reaching plans 
for complicated data-processing systems to non-technical 
management—in a form in which the plans are likely to be 
accepted, even though only a small part of the whole system 
can be undertaken immediately. 

The book starts with some excellent examples of actual 
data-processing systems, to explain what the subject is about; 
then follow short descriptions of the different components 
making up a complete system. The author goes on to discuss 
how the problem should be studied in an actual business and 
how a design should eventually be formulated. This takes up 
approximately the second half of the book and includes some 
excellent material; but it is a pity that although the reader is 
promised a scheme for a particular example, the example is 
never worked out in detail. In this half, too, there is some 
rather irritating repetition. If the author had taken his actual 
example and gradually developed the best data-processing 


_System for it, the book would have been more valuable. 


Inserted in a rather unexpected place in this discussion is 
a short chapter on the role of operational research in industry, 
which should be valuable to management. There is also an 
interesting appendix by Robert Tannenbaum on overcoming 
barriers to the acceptance by operatives of new ideas and 
methods in industry. This appendix contains nothing very 
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new, but many will find interesting the comparison of different 
methods of getting new ideas accepted. 

The preface states that the book is primarily intended for 
management, to whom it should indeed be of great value. 
It is also the best exposition of systems engineering that has 
appeared, particularly in the field of data processing, so that 
all engineers concerned with the design or operation of data- 
processing systems will have much to learn from it, especially 
in their dealings with management. They may wish to skip 
sections giving details of data-processing equipment, but 
these make up only a small part of the book, the remainder of 
which is filled with much wisdom of a kind often thought to 
be lacking in young engineers. Finally mention must be made 
of the admirable bibliography. 


W. D. BEVITT 
TRANSISTORS HANDBOOK 
ENGLEWOOD, NEW JERSEY: PRENTICE-HALL. 424 PP. £3 35. 


When the applications of an important discovery show signs 
of becoming widespread practice, they deserve a handbook 
or two. But it is debatable whether applications of transistors 
have reached that stage. On the one hand many laboratories 
have been carrying out studies of basic circuits for several 
years, and, in the United States at least, transistors suitable 
for audio applications have been available, in quantity and 
moderately priced, since 1953, and for radio applications 
since 1955. On the other hand only a few pieces of equipment 
using transistors are in large-scale production, and few types 
of transistors are produced with small spreads of parameters. 
However, whether the facts warrant a handbook just yet or 
not, the first has appeared. Despite its title, some parts of the 
subject—the physics and design of transistors and ways of 
analysing transistor circuits—are hardly treated at all, the 
emphasis being on applications. 

The book can conveniently be divided into three parts. 
The first few chapters describe the point-contact, junction 
and power transistors, and some of their properties. Serious 
students will hardly be satisfied with the brevity of the 
descriptions; but the lack of precision in the various test sets 
suggested for measuring the properties may be justified by 
the wide spread of parameters so often encountered. The 
second part treats the transistor as a circuit element and 
describes, rather superficially, some methods of analysis, 
methods of connection, stabilization of the working point 
and the effects of temperature changes. Photodiodes and 
phototransistors are given adequate description here and the 
Wallace tetrode receives some attention. 

The third part, occupying one half of the book, describes 
applications—audio, power, radio, computing, instrumental 
and others. The wisdom of including so many applications 
using point-contact transistors, some of which incidentally 
are probably new to most readers in Great Britain, must be 
doubted in view of the lack of availability and consistency of 
point-contact types. The superheterodyne radio receiver given 
most description uses eight point-contact transistors, whereas 
most receivers now being marketed use junction transistors. 
Although the descriptions given are, generally, too brief to 
enable full assessments to be made of the applications, their 
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collection reveals the wide field of use for the transistor and 
indicates something of the advantages offered by its circuits. 
Some important omissions must be noted. No adequate 
description is given of the transient response of transistors, 
of neutralization, of d.c. stabilization, particularly over more 
than one stage, and of the methods of applying negative feed- 
back. The surface-barrier transistor receives little attention, 
and no serious attempt is made to establish equivalent circuits 
for analysts. As a handbook of practice the book falls far 
short of an acceptable standard, even for a first edition. 


B. G. A. SKROTZKI (Editor) 
(1) ELECTRIC GENERATION—STEAM STATIONS 


(2) ELECTRIC GENERATION—HYDRO, DIESEL, 
AND GAS TURBINE STATIONS 


NEW YORK: MCGRAW-HILL. (1) 464 PP. (2) 467 PP. 
£3 4S. EACH 


These two books cover a wide range of electrical generation 
practice in America. They are written by a number of engineers 
who are with American electricity supply companies and 
associated industries, and who are contributors under the 
editorship of B. G. A. Skrotzki, Associate Editor of Power. 

The books describe in simple terms the fundamental 
principles of the subject, and in detail the various components 
of the complex array of machinery which is found in power 
stations of the several basic types. British readers will, however, 
find many examples of nomenclature and symbols different 
from those in use in this country. 

All who are engaged in the design, construction and opera- 
tion of power stations will find much of interest in them 
because of the wide field covered, but the editor makes it 
quite clear that the work is intended for the man with little 
engineering training in this particular field, and not for 
the specialized and qualified engineer. 

The editor’s direct contributions are limited, with one 
notable exception, to introductory matter in both books, and 
this emphasizes and explains their objectives in simple terms. 
The exception is the last chapter in the steam station book, 
entitled ‘Super Pressure Steam Stations’. This deals with the 
latest developments of the steam cycle as practised in America, 
and is a lucid treatment of the developments which have taken 
place during the past 40 years, and have led to a reduction of 
nearly 50% in the plant heat rate. 

The book on steam stations deals first with fuel, and gives 
a good outline of the various factors that concern the engineer, 
but the characteristics of the coal fuels are those typical in the 
United States, which are in general of higher grade than the 
ones used in this country. Oil fuel is dealt with on similar 
lines. Fue! and ash handling are then covered. The other 
subjects considered are, in order, mechanical: plant, which 
takes up about half of the book, water treatment, and station 
control and electrical equipment. No reference is made to the 
siting of power stations, civil engineering and building work, 
or plant layout. In these, British practice differs in many 
details from that in America, e.g. dust collectors are more 
extensively provided in this country; moreover the book does 
not mention the natural-draught cooling tower, which is so 
obvious a feature in most of our power stations. 

The three types of generating plant covered by the second 
book are dealt with quite separately. More than half the book 
is devoted to hydro plant, and this part sets out simple 
principles of power and energy and gives also a practical 
introduction to meteorology. This is followed by a discussion 
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of elementary hydraulics, leading to dams, hydraulic structures 
and generating plant, and it ends with layout and operation. 

The part on internal-combustion engines deals with fuel 
and very generally with the plant; gas turbine plant is con- 
sidered similarly in a third part. 

The books are largely descriptive, with a wealth of practical 
information and many technical data given in simple equations, 
tables and graphs. There are a few cross-references between 
the separate volumes which could be annoying if only one 
book were available. The contents are well sectionalized in 
each chapter and clearly indexed, together with a subject index 
which adds to the usefulness of the book. 

The books are therefore a good guide to electrical generation 
for those who require an inside knowledge of the practical 
details and operation of the range of plant and the raw 
materials for generating power, but they would of course be 
of limited value to those wishing to take up the design and 
development of such plant; on the other hand, published 
information covering the range of the two volumes is 
extremely limited. 


M. V. WILKES 
AUTOMATIC DIGITAL COMPUTERS 
METHUEN. 315 PP. £2 2s. 


This book by Dr. Wilkes opens with a chapter on the historical 
development of automatic digital computers, which includes 
an account of the work of Charles Babbage, and descriptions 
of the automatic sequence-controlled calculator, the Eniac 
and the Edvac. In the two following chapters, the principles of 
logical design and of programme construction are developed, 
with detailed reference to the Edsac. After a short chapter on 
relay computers, which should surely come earlier in the 
book, storage, electronic switching and computing circuits 
are discussed. The book concludes with a chapter on design 
and operation, and there is a short appendix on the relation- 
ship between machinery and intelligence. 

The book provides an excellent general introduction to the 
principles underlying the logical design and use of digital 
computers. Chapters 2 and 3 are particularly valuable in this 
respect. By relating them to a single machine—the Edsac— 
Dr. Wilkes has been able to give sufficient detail to develop a 
clear understanding of the principles involved, and to give 
concrete expression to them in numerous programmes. 
Although based on the Edsac, these chapters give adequate 
reference to pertinent features of other machines. 

Storage systems are described under the headings ‘ultra- 
sonic’, ‘electrostatic’ and ‘magnetic’, and all the known 
practical systems are covered. This chapter rightly emphasizes 
the most recently developed type, the magnetic matrix. 

For the engineer the chapter on electronic switching and 
computing circuits is the most disappointing. The treatment 
is almost completely that of the logical designer. It is a pity 
that more practical emphasis is not given here to the view 
expressed by the author himself in the preface, that those 
whose training has been purely theoretical should not think 
that they can design a digital computer by themselves. 

The final chapter contains valuable information drawn from 
the author’s own experience in the design and operation of 
digital computers. It discusses many aspects of computing 
machines which are vital to their operation, such as error- 
detecting, faults, and checking; together with the more 
general topics of the organization of a scientific computing 
centre, and the use of digital machines for business purposes 
and the control of industrial processes. 
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*Denotes that the publication is also in the Lending Library. The 
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LIBRARY ACCESSIONS 





ABRAMSON, A. 621.397.6 
Electronic Motion Pictures A history of the television camera 
Berkeley, University of California Press, 1955. pp. 212. 

24 x 16cm. £2 approx. 

Surveys the history of the film camera and sound recording, and their 
contribution to television. Traces the development of commercial and 
large-screen television and explains the work being done to perfect 
the electronic camera and the magnetic recording of video signals, 
which will lead to entirely new techniques in motion-picture production. 


ALBERT, A. L. 621.38 
Electronics and Electron Devices.* (Formerly entitled Fundamental 
Electronics and Vacuum Tubes) 

3rd ed. New York, Macmillan, 1956. pp. xi, 582. 24 x 16cm. 
44s. 

This is the third edition of ‘Fundamental electronics and vacuum 
tubes’, the title having been modified. It has been largely rewritten 
and now includes chapters on semi-conductor devices, transistor 
amplifiers and oscillators, and wave-shaping and control circuits. 


ALLGEMEINE ELEKTRICITATS-GESELLSCHAFT 621-52 
Regelungstechnik Grundsiatzliche Betrachtungen iiber Regel- 
probleme und praktische Anwendungen. (Control engineering. 
Basic considerations on regulation problems and practical applica- 
tions) 

Berlin, A.E.G., 1955. pp. 228. 30 x 21cm. £2 10s. approx. 


AMOS, S. W., and BIRKINSHAW, D. C. 621.397 
Television Principles and Practice. Volume Two. Video- 
frequency amplification* 

London, Iliffe, 1956. pp. 270. 22 x 14cm. 35s. 


Written primarily for the instruction of B.B.C. operating and main- 
tenance staff. Vol. 1 deals with fundamentals, camera tubes, and 
television optics. Vol. 2 deals with video amplifier principles and 
practice, discussing high- and low-frequency considerations, feedback, 
and noise. Other volumes are in preparation. This book was reviewed 
in the November issue. 


BOOTH, A. D., and BOOTH, K. H. V. 518.5 
Automatic Digital Calculators* 

2nd ed. London, Butterworths, 1956. pp. ix, 261. 22 « 14cm. 
32s. 


Deals briefly with the nature and function of digital calculators and 
their history. Discusses the logical design and the construction of 
calculating machines, and gives detailed consideration to coding and 
the technique of preparing problems. This edition refers to new circuit 
elements such as the transistor and the ferroelectric matrix store. 


BRIGGS, G. A. 534.85 
High Fidelity The why and how for amateurs* 


Idle, Bradford, Wharfedale Wireless Works, 1956. pp. 192. 
22 x 14cm. 12s. 6d. 


Discusses in a very readable style equipment for both disc and tape 
reproduction, loudspeakers, and listening conditions, including stereo- 
phonic reproduction. 


CAMPBELL, I. E. (Editor) 662.9 
High-Temperature Technology 

New York, Wiley; London, Chapman and Hall, 1956. pp. xiv, 526. 
23 x 15cm. £6. 


Sponsored by the Electrochemical Society, this book consists of 
contributions by a number of authors. It contains a section on 
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materials, describes the various types of furnace and other methods 
for obtaining high temperatures (temperatures in the main over 
1 500° C), the measurement of temperature, and methods of measuring 
mechanical and physical properties at elevated temperatures. 


CHUTE, G. M. 621.38 
Electronics in Industry* 

2nd ed. New York and London, McGraw-Hill, 1956. pp. xi, 431. 
24 x 16cm. £2 16s. 6d. 

This is not written for electrical engineers, but for engineers and 
students in other branches of industry who need to know something 
of electronic circuits and equipment. It describes applications and 
operating conditions rather than theory and design. It deals with 
valves and gas-filled devices, particularly as relays, and for control 
and regulation. 


DUMMER, G. W. A. 621.316.8 
Variable Resistors and Potentiometers (Radio and Electronic 
Components: Vol. 2)* 

London, Pitman, 1956. pp. xiii, 176. 22 x 14cm. 30s. 

Written to enable the user to choose the most suitable resistor for a 
particular requirement. It gives details of the mechanical, electrical 
and physical characteristics of the main classes and discusses the 
composition and construction of general-purpose and special types 
including those for precision purposes. Experimental types ure 
described and future developments indicated. Suggestions are made for 
a standard terminology. This book was reviewed in the November issue. 


ECKERT, W. J., and JONES, R. 518.5 
Faster, Faster A simple description of a giant electronic calculator 
and the problems it solves* 

New York and London, McGraw-Hill, 1955. pp. vii, 160. 

24 x 16cm. 28s. 

Explains in non-technical language how a calculator operates, the 
nature of the problems it solves, and how problems are presented to it. 
The model referred to is the I.B.M. N.O.R.C. designed and built for 
the Bureau of Ordnance, U.S. Navy. 


FAGG, S. V. 517 
Differential Equations 
London, E.U.P., 1956. pp. 128. 19 x 12cm. 7s. 6d. 


An elementary introduction to first- and second-order differential 
equations. Contains a number of worked examples and others for the 
student to tackle. 


FARLEY, F. J. M. 621.374 
Elements of Pulse Circuits* 

London, Methuen, 1956. pp. viii, 143. 17 x llcm. 8s. 6d. 
Aims at a physical understanding of fundamental principles rather 
than at mathematical analysis, but for brevity and precision some 
equations are used. Describes typical transient waveforms and explains 
how these may be differentiated and integrated by passive networks. 
Considers basic valve circuits and distortion—deliberate or unavoid- 
able. Describes generators, triggers and amplifiers, with a final 
chapter on applications. 


FERNANDES, A. A. de C. 621.396.67 
Teoria e Projécto de Antenas Rémbicas (Rhombic antennas, theory 


and design) 
[Lisbon] Coimbra, 1955. pp. xvi, 415. 25 x 17cm. £2 approx. 
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FLUGGE, S. (Editor) 53 
Handbuch der Physik. Band XXII. Gasentladungen II. (Encyclo- 
paedia of Physics. Vol. 22: Gas Discharges II) 

Berlin, Springer-Verlag, 1956. pp. vii, 652. 25 x 17cm. 

£8 14s. 4d. 

This further volume in the series is almost entirely in English. It 


includes chapters on lightning discharge, glow discharge at low pressure, 
and the electrical breakdown of gases. 


HAGART, G. T. N. 347.7 
Conditions of Contract and Insurance.* A practical guide for 
contractors 

London, Witherby, 1956. pp. 128. 17 x 12cm. 10s., postage 6d. 


A simple explanation in non-technical language of some of the 
problems which confront contractors, particularly in connection with 
liability at Common Law, by Statute and under Conditions of Con- 


HENSON, C. S. 

Solution of Problems in Telecommunications* 
London, Pitman, 1956. pp. x, 258. 17 x 13cm. 25s. 

A collection of over 200 problems taken-mainly from examination 
papers of the University of London B.Sc. engineering degree and 
The Institution Examination. They are arranged in groups covering 
coupled circuits, valves as amplifiers, etc., filters, lines, and acoustics, 
with numerous worked examples. 


621.39(076) 


JUNE, S. A., BARDIS, J. D., LURIO, L. H., POLANER, L. S., 
SAGEDAHL, O., SKLENAR, H. A., and YENKIN, B. K. 658.2 
The Automatic Factory—a critical examination 

Pittsburgh, Instruments Publishing Company, 1955. pp. v, 88. 

21 x 14cm. 12s. 

The aim of this report, which is based on studies of a group of business- 
administration students, is to bridge the gap between the theoretical 
concepts and the actual industrial development of automatic factories. 
It includes chapters on mechanization versus the automatic factory, 
contemporary automation (in automobile and four other plants), costs, 





tract, and what insurance they should effect. 


and social implications. 





Elections and Transfers 


The following elections and transfers approved by 
the Council are effective from the Ist October 1956. 


ELECTIONS 


Member 
FULTON, Angus Anderson, B.sc. 


Associate Members 


ANDERSON, George Pryce. 

BENNETT, Ernest Albert. 

BURNS, Douglas McNiel, B.sc. 

CHILDS, Geoffrey Walter. 

COOK, John Frederick, 8.sc. 

DAWSON, Philip Richard, B.sc.(ENG.). 

DEACON, Charles Rupert William. 

DUNWORTH, John Vernon, c.B.£., 
M.A., PH.D. 

ECKERSLEY, Robert Michael. 

FARROW, Group-Capt. Bernard 
George, R.A.F. 

FELLOWS, Terence Graham. 

FOWLER, Clement William. 

GATES, Harry. 

GOITEIN, Karl. 

GREEN, Mrs. Queenie Frances. 

HARVEY, George Patrick. 

HILLIS, John Theodore, B.sc. 


Associates 


ALEXANDER, Leonard Roland 
Armstrong. 

BENNETT, Thomas John. 

COOPER, Leslie. 

CUCKSEY, William Ernest. 

pe ALMEIDA, Pallirallage Don 
Charles Clement. 

DIXON, Howard Francis. 

HERBERT, Joseph Edric. 


TRANSFERS 


Associate Member to Member 
BEDSON, Percy. 

CLARE, Bernard Scott. 

ELLIOTT, William Sidney, m.a. 
FLETCHER, Frank Whitehead. 
FOSTER, David Blythe, m.sc., PH.D. 
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HIX, Capt. Lucien, B.Sc., R.N. 

JACKSON, Robert Flinders, M.A. 

JENNISON, Raymond Barraclough, 
B.E. 

KIERNAN, Leslie. 

MARSHALL, Henry Thomas George, 


B.SC. 
MORTON, Group-Capt. Crichton 

Charles, R.A.F. 
MUNRO, Hugh Joseph, B.r. 
NOBLE, Sidney Howard, B.sc. 
NUTTER, Jack Crossley, B.A. 
PARKS, Dennis Frank. 
PILLING, James, B.sc. 
SIDOROWICZ, Roman Stefan. 
SMITH, Paul Procter Hare. 
STAMP, Walter Rosse, B.Sc. 
THRESHER, Robert James. 
TRICKETT, Kenneth, 8.sc.(ENG.). 


MASTERS, Harry Alexander. 

PACKER, Robert Lewis. 

ROTHWELL, Jack. 

WHITE, Denis. 

WILD, Wing Cmdr. Alfred James, 
R.A.F. 

WINTER, Rioty Marshal. 

WRIGHT, John. 


GLOVER, Kenneth George, B.sc. 
LEE, Ernest. 

McKEOWN, Henry Percival, B.sc. 
MILLER, Geoffrey Stuart, B.sc.(ENG.). 
MUKERIJI, Ganesh Chandra, B.sc. 


Associate Member to Member (contd.) 


OVENS, George, B.sc. 

PEARCE, Charles Arthur Richard, 
M.SC.({ENG.). 

PEARD, Rear-Admiral Kenyon Harry 
Terrell, C.B.E., R.N. 

ROGERS, Douglas Cecil. 

ROWDEN, Robert Arthur, B.SsC.(ENG.). 

SCOTTING, John Furnston, 
B.SC. TECH. - 


Associate to Associate Member 


DASGUPTA, Sailesh Chandra. 


Graduate to Associate Member 


AIKEN, John Stewart, B.sc. 

ALLEN, Kenneth Henry Albert. 

ALLENDEN, Dennis. 

AMOS, Roger Stuart Philip, B.sc., B.E. 

ARKWRIGHT, David Keith, 
B.SC.(ENG.). 

BAILEY, Roy, B.sc. 

BANKS, Philip William, B.sc.(ENG.). 

BARKER, Peter Henry. 

BEDDOES, Michael Peter, B.sc.(ENG.). 

BELFORD, George William, B.e. 

BIGRIGG, William John. 

BIRKINSHAW, Ronald Joseph. 

BOARD, Frank William. 

BODDY, Ronald Joseph. 

BURROWS, William Gordon. 

CAMPBELL, Ronald Hugh. 

CARTMELL, Isaac Norman, 
B.SC. TECH. 

CASH, Capt. Derek Anderson, 
R.E.M.E. 

CHAPMAN, Lt.-Cmdr. George 
Critchett, M.A., R.N. 

COLLINS, Gordon. 

COLLINSON, Peter Robert Holt, m.a. 

CRUDDACE, Albert Edward. 

DEAN, Arthur Kenneth. 

DENNIS, Capt. Anthony Howard, 
B.SC., R.SIGNALS 

EMANUEL, Lionel James. 

ERSKINE, William Welsh. 

FELLERMAN, Jerrold Joseph, 
B.SC.(ENG.). 

GATLIFF, Percy William Richard, 
B.SC.(ENG.). 

GIBSON, Clarance. 

GILLIONS, Jack. 


SENGUPTA, Narendra Nath, B.sc. 
SMITH, Philip, B.sc. 
TEMPLE, Thomas William Jacques. 


WARD, Laurence George, B.SC.(ENG.). 


WELCH, Douglas Francis, M.A. 
WILLHEIM, Raoul, pr. TECH. 
WILLIAMS, William Harold. 
WRIGHTSON, Francis Baliol, B.sc. 
ZANOBETTI, Dino, pr.1nc. 


OAKES, Francis. 


GOUGH, Peter John Charles, B.a. 

GREEN, Anthony William. 

GREWAR, Ian David. 

GRIBBLE, Frederick Dennis. 

HAMMOND, Royston Alfred. 

HARRIS, Basil Vivian. 

HARRIS, David Melvyn, B.sc. 

HARVEY, Lance Sydney Crockford. 

HARVEY, Oswald Michelbourne. 

HENDREY, Brian Oliver. 

HILL, Frederick William Comyn. 

HUXLEY, Herbert Sydney, 
B.SC.(ENG.), M.ENG. 

JAMES, Jack, B.sc. 

KARPOVICH, Nicholas. 

KARUNATILEKE, Charles Edward. 

KAY, George Ramsay. 

KNOTT, Francis Reginald, 
B.SC.(ENG.). 

LALL, Brij Mohan. 

LANG, William Neilson, B.sc.(ENG.). 

LEE, John Barrie. 

LEWIS, Derek. 

LONGSON, James Howard. 

LYONS, Maurice Edwin. 

McKEE, Melville Foster Reid. 

MCNEILL, Andrew. 

MADDISON, Kenneth, B.sc. 

MILES, Frank Arthur James. 

MILNES, John Thomas, M.B.£. 

MORGAN-RICHARDS, John 
Blayney, B.SC.(ENG.). 

OAKLEY, Thomas Humphries. 

OVEREND, Philip Robinson. 

PARKER, William Henry Gordon, 
B.SC.(ENG.). 

PATTERSON, William Tennent, B.sc. 
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Graduate to Associate Member (contd.) 


PUCKERING, Paul Henry. 

READ, Peter Derrick. 

REID, Ian Alasdair, B.sC.TECH. 

REID, James. 

RUFFORD, George William. 

RUMSEY, Douglas Victor, B.sc. 

RUTHERFORD, Thomas, B.sc. 

SANDS, Lester William. 

SHEPPARD, Henry Thomas. 

SINCLAIR, John Kent. 

SMITH, Ewart William, B.sc.(ENG.). 

SPERRING, Lawrence John 
Edmunds. 

STEWART, Robert Henry. 

STIRRUP, Harry. 

SUBASINGHE, Hector Sam, 
B.SC.(ENG.). 

SUBBURATNAM, Subramaniam, 
B.SC. 


Student to Associate Member 


BLOOMFIELD, Keith Allen, B.£., 
B.SC. 


SUBRAMANIAM, Sivapragasam, 
B.SC.(ENG.). 

SUMMARSELL, Richard. 

THOMSON, George Arthur. 

THOMSON, Samuel. 

TRAIN, John Jeffrey. 


UPTON, Derrick William, 8.sC.(ENG.). 


VARNAKULASINGHE, Joseph. 

VERTIGEN, Derek Harry, 
B.SC.(ENG.). 

VICTOR, Michael Lawrence. 

WALKER, Archibald Thomas 
William. 

WALKER, Gordon. 

WALLS, Walter Richard. 

WARRINGTON, Rupert Anthony, 
B.SC.{ENG.). 

WATSON, Eric Ginnis. 


WHORWOOD, Robert William, B.sc. 


WILLIAMS, William Powell. 


FIELD, Anthony John. 
MOCATTA, Michael Ernest, B.A. 


The following elections and transfers approved by 
the Council are effective from the 8th November 1956. 


ELECTIONS 


Graduates 


ABTIN, Cyrus. 

AINLEY, Keith. 

ALLISON, Joseph William. 

ATTWOOD, Maurice Henry. 

BAIN, John Christie. 

BALL, John Geoffrey. 

BATEY, Michael Lavington. 

BEER, John Douglas. 

BENNIE, Samuel Campbell. 

BERG, Leonard. 

BLANCHARD, Donald Thomas. 

BOND, Brian, B.sc. 

BOYLE, Joseph. 

BRIERLEY, John. 

BUDENBERG, Geoffrey Frank, B.A. 

BUIST, Douglas Glen. 

CALDER, Clarence Hills. 

CAMPBELL, John Maclean. 

CARTLEDGE, Wilfred Ernest. 

CHHARAWALA, Hassonali 
Salehbhoy. 

COLE, Peter John. 

COOPER, Michael Charles. 

COURT, Peter Harry. 

COX, Eric John. 

COX, John. 

CURLE, James Leonard. 

CUTLER, Frederick George. 

DARVENIZA, Mat, B.£. 

DOCKERTY, William Harold. 

EDWARDS, Kenneth. 


EL-SERAFI, Ahmed Moustafa Saleh, 


B.SC. 
EVANS, Arthur Frank. 
EYLES, Alfred Ronald. 
FAULKES, Kenneth Milford. 
FENWICK, Peter. 
FLETCHER, Leslie Daniel. 
FOSTER, Gordon James. 
FYFE, Albert, B.sc. 
GADGIL, Dattaram Narayan, B.. 
GEE, Kenneth George. 
GOUGH, Leslie Frank. 
GRAHAM-BISHOP, Albert Arthur. 
GREENER, Derrick. 
HALE, John Edgar. 
HAYTON, James Harold. 
HEIGHINGTON, Gordon. 
HJERTHOLM, Arne Bertel. 
HOLT, Eric. 
HUSAIN, Zahid, B.sc., B.SC.(ENG.). 
ILES, Royston Albert Henry. 
JIVANANDHAM, Mas Herbert. 


Students 


AKBAR, Sibte, B.sc., B.E. 
AKERMAN, John Michael. 


DECEMBER 1956 


LAMB, Cedrick St. John, B.£. 
LEWIS, F1.-Officer Ian David, r.a.r. 
LYNCH, Alexander Edward. 
McCARTHY, John, B.sc. 
MAJUMDAR, Nareschandra, B.E. 
MASKELL, William Harry. 
MATTHEWS, James. 
MEADE, Joseph. 
MILLER, Ronald William. 
MOORE, Desmond Francis, B.e. 
MULLAN, Patrick Joseph. 
NARAYANA, Hiremagalur 
Venkatadasappa Anantha, B.sc. 
NEWHALL, Sidney Noél. 
NG, Benedict Nam Wah, B.£. 
NOAD, John Maurice. 
NORMAN, Dennis Edward, 
B.SC.(ENG.). 
NWAOSHAI, Bernard Okonkwo. 
O’DOHERTY, Vincent James, B.£. 
ORCHARD, Hugh Chavasse. 


OVENDEN, Douglas Arthur Rowley. 


PALMER, William Anthony. 
PEWTER, David Robin Ian. 
PICKERING, Francis Charles. 
PRITCHARD, Alan Edward. 
QUIRK, William James. 
RENSHAW, Samuel. 

RIDPATH, Herbert Arthur Leslie. 
RUSSELL, Robert Kenneth. 
SABHARWAL, Baldev Raj, B.a. 
SALMON, Graham Whitwell, B.sc. 
SAMARASENA, Welihinda Badalge. 
SHEET, Husham, B.sc. 
SHEPHERD, William, B.sc.(ENG.). 
SINGH, Bir Inder. 

SINGLETON, James. 
SOBANDE, Augustus Olufemi. 
STODDART, James. 

SWIRSKI, Zygmunt. 

TAPP, Lt. Edward William, 8.A.N. 
THOMAS, Donald Walter. 
TYLER, John Alfred. 

VANCE, Mervyn Murray, B.Sc. 
VAN ES, Frans, 8.SC.(ENG.). 
WAITE, Ian Vowles. 

WAJZER, Boguslaw Stanislaw. 
WALDIE, Robert George. 
WARNER, Roy Maybury. 
WATSON, Bert. 

WILLIAMS, John Brian. 
WORSLEY, John Hubert. 


ALLSOPP, Keith, B.sc. 
ASHLEY, John David. 


Students (contd.) 


BARCHAM, Henry Pattle. 
BISHOP, Ronald. 
BODDINGTON, Robin Michael. 
BRIDGE, Norman William, B.sc. 
CAMPBELL, William John. 
COLEMAN, Allen John. 

DELL, Douglas George. 
DOGGETT, Peter Edward. 
DOHERTY, John Knox. 
DULLEY, Peter John. 

EARLE, Ronald. 

EASTAUGH, John Herbert. 
EVANS, Robert Arthur. 
FRANCIS, Anthonypillai. 
FRASER, George. 

GANASON, Ariacutty. 
GANGULY, Sukeerti Mohon, B.e. 
GARDNER, Andrew Alfred. 
GIBB, Alan Neil. 

GODFREY, Ronald McRae. 
GOLDING, James Andrew. 
HALL, Norman Dennis. 
HARLE, Alan. 


HENDERSON, George Crawford, M.A. 


HOUGHTON, James Glen. 

HUNTER, Arthur James, B.Sc. 

ILES, Graham Cedric. 

JAMES, Allan Eric. 

JONES, Colin Hubert. 

KERDEMELIDIS, Vassilios. 

KRISHNAN, Arayampilly Vishnu, 
B.SC.(ENG.). 

KRISHNAN, Sanmugam Hari. 

LANG, Brian John. 


TRANSFERS 
Student to Graduate 


ADESANYA, Bennett Adebayo 
Olatunde. 
ANSTEAD, John William. 
ATTERBURY, Kenneth Harold. 
BARKWITH, Anthony Donald 
Bromley, B.SC.(ENG.). 
BASS, Weston Stuart, B.SC.(ENG.). 
BENNETT, Frank Colston, B.sc. 
BENSON, Harold, B.ENG. 
BENTLEY, John McDonald, 
B.SC.(ENG.). 
BICKERSTAFFE, Ronald Stanley. 
BIRD, Denis Jefferson, B.sc. 
BONNERJEE, Bibekananda, B.t. 
BOWN, Norman William Orton. 
BREWSTER, Ronald Leslie. 
BROOKES, Derek Roy. 
BUTCHER, George William. 
CHEONG, Gum Hung, B.Sc.(ENG.). 


COLLINGBOURNE, William Edwin. 


DAVEY, David Victor. 

pe LOM, Paul William. 
EGGLETON, Michael! Noel. 
FIDDIK, Kenneth Hugh. 
FINCHAM, William Frank. 
FINDEN, Roy Eric. 
FLETCHER, Donald, B.ENG. 
FLETCHER, John Thomas. 
FRANKLIN, Roy Walter. 
GOTZ, Lasar, B.SC.(ENG.). 
GRANGE, Robert John, B.sc. 
HAMMOND, Richard, B.sc.(ENG.). 
HANCOX, Roger, B.SC.(ENG.). 
HARRIS, Victor. 

HEMMING, John Edward. 
HEPWORTH, Maurice Hilton. 
HOLMES, Brian Roper. 
HOUGHTON, Neville Longton. 


HOUGHTON, Peter Alan, B.SC.(ENG.). 


HUGHES, Albert, B.ENG. 
HUTT, Bryan John. 
JACKSON, Ronald. 
JENNER, Keith Henry John. 
JOHNSON, David Frederick. 
JOHNSON, Frank Donald. 
JONES, Derek, B.sc.(TECH.). 
JONES, Kenneth Alfred. 
KELLY, Gerald Robert. 
KHALIL, Nazar, B.sc. 
KHOSLA, Avtar Krishan, B.A., B.SC. 


KIDNEY, Donald James, B.SC.AENG.). 
KING, Robert Anderson Young, B.Sc. 


LEE, Ronald Harold Frederick. 


LEE, David Christopher Waite. 

McGARRICK, Ian Milton Bennett. 

McRAE, Ian Nelson. 

MATHESON, Miss Margaret Scott, 
B.SC. 

MAYBURY, Francis Patrick. 

MIDDELDORF, Gerald. 

MORTON, Ian. 

O'BRIEN, Desmond Thomas 
Anthony. 

PAICE, Derek Albert. 

PARSLOW, Brian George Stephen. 

PERERA, Wedage Maximus Herbert. 

PORTEOUS, Robert John. 

POTTER, Brian Walter. 

RAMALINGAM, Vythilingam. 

RICHARDSON, Colin Albert 
Stanley. 

SHETH, Navinchandra Chandulal, 
B.E. 

SINHA, Jayanti Kumar, m.sc. 

SOOD, Harish Chandra. 

SOUNDARARAJAH, Rajanayagam 
Wesley. 

SOWU, Clendinning Mawuko Kwesi. 

SRIPATHY, Kathrippillay. 

STEVENS, John Francis. 

STEVENSON, William Gray. 

TONGE, Alan Sydney. 

VILES, John Ernest. 

WALMSLEY, James Brian. 

WELLBY, John Patrick. 

WRAPSON, Alan Ian. 

ZAN, Tha, B.Sc. 


LEESE, George Barritt. 

LIFFEN, Daniel, B.a. 

McDOUGALL, Ian Alexander. 

MADELEY, Peter Delano Edward, 
B.A. 

MILLS, Jacob Lanquaye, B.Sc. 

MINSHULL, John Francis. 

MORGAN, William James. 

MYERS, Gerald David. 

NIXON, John Frederick. 

OGILVIE, Edward Antonio DeLisser. 

PALMER, Alan George. 

PALMER, Stuart John. 

PAPE, Sydney Robinson. 

PARKER, Leslie Harold John. 

PATEL, Jitendra Shantilal. 

PEBODY, John Kenneth. 

PORTER, Pilot Officer John Alan, 
B.SC.(ENG.), R.A.F. 

POSTLETHWAITE, Henry Smith. 

PRICE, Colin Stewart. 

PRICE, James William. 

PROSSER, Graham Henry Pryce, 
B.SC. 

READ, Reginald John. 

REGAN, James Henry. 

ROBERTS, Rowland Frederick, B.SC. 

RODDY, Dennis. 

SAMSON, Samson Daniel. 

SAYLE, Thomas George, B.SC.(ENG.). 

SOUNESS, James William, M.sc. 

SPENCER, John Roger. 

SPIVEY, Peter Norbert, 8.S8C.(ENG.). 

SPRIGGS, James William. 

STERN, Henry Gerald. 

STICKLER, Michael John, 
B.SC.(ENG.). 

SUTTON, FI.-Officer Michael 
Anthony, R.A.F. 

TATE, Gordon Reginald. 

THORNTON, Gordon Hector. 

TIMMS, William Roger. 

TOMSETT, Leslie Frank. 

TOMSON, Donald. 

TRUSS, William Frederick. 

VENKATARAMANI, Balakrishna, 
B.SC. 

WARD, Haydn, B.Sc.(ENG.). 

WHEELER, Peter Reginald. 

WILSDON, Derek Charles. 

WISHER, Reginald Ernest Baynham. 

YULE, John Keith. 
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ANNOUNCEMENTS TO MEMBERS 





THE HOMES FUND 


SUMMARY OF CONTRIBUTIONS RECEIVED TO 25TH NOVEMBER 1956 


No. of 
Contributors £ s. d. 
£1000 and over 6 6000 0 0O 
£100 to < £1000 30 6586 3 O 
£5 to <£100 812 8646 ll 3 
£2 to <£5 1942 5305 17 2 
Under £2 19941 10449 10 5 
£36988 1 10 


APPOINTMENTS 


COMMITTEE ON THE APPLICATION OF ELECTRICITY TO INDUSTRIAL 
PROCESS HEATING 

On the nomination of the Department of Scientific and 
Industrial Research, the Council have appointed Mr. R. G. 
Silversides, M.sc., to serve on the above Committee in place 
of Mr. E. Rushton, B.sc.(ENG.), MEMBER. 

On the nomination of the Central Electricity Authority and 
Area Boards, the Council have appointed Mr. H. J. Gibson, 
B.SC., MEMBER, and Mr. R. F. Richardson, M.B.E., MEMBER, to 
serve on the above Committee in place of Mr. F. C. Duffield, 
ASSOCIATE MEMBER, and Mr. V. A. H. Clements, MEMBER, 
respectively. 


COMMITTEE ON MODEL FORMS OF GENERAL CONDITIONS OF 
CONTRACT (ELECTRICAL) 

On the nomination of the North of Scotland Hydro-Electric 
Board, the Council have appointed Mr. G. T. N. Hagart to 
serve on the above Committee in place of Mr. A. A. Fulton, 
B.SC., MEMBER, 


JOINT COMMITTEE ON MODEL FORMS OF GENERAL CONDITIONS OF 
CONTRACT SUITABLE FOR THE MECHANICAL AND ELECTRICAL 
ENGINEERING INDUSTRIES 

On the nomination of the North of Scotland Hydro-Electric 
Board, the Council have appointed Mr. G. T. N. Hagart to 
serve on the above Committee in place of Mr. A. A. Fulton, 
B.SC., MEMBER. 


RADIO INTERFERENCE COMMITTEE 

On the nomination of the Institute of Transport, the Council 
have appointed Mr. H. C. Johnson, 0.B.£., ASSOCIATE MEMBER, 
to serve on the above Committee in place of Mr. G. F. 
Sinclair, C.B.E., MEMBER. 


MEASUREMENT AND RADIO 
SECTIONS 


MEETING ON THE 29TH JANUARY 1957 


Members are asked to note that the Discussion on ‘The 
Performance of D.C. Amplifiers with special reference to the 
Use of Transistors’ to be opened by Mr. K. Kandiah and 
Dr. G. B. B. Chaplin will not now take place on the 29th 
January 1957, as announced. 

Details of the arrangements for the meeting on this date 
will be given in the January Journal. 
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RETIRED MEMBERS AND THOSE OF 
LONG STANDING 

Members are reminded of a rule which has been in existence 
for some years and which enables Corporate Members and 
Associates who have retired from the profession and are still 
desirous of retaining their membership of The Institution to do 
so without payment of further subscriptions. It is left to the 
members concerned to make application to be brought within 
the rule. The rule, which does not apply retrospectively, is as 
follows: 


Any Corporate Member or Associate who has reached the age 
of 60 and has retired from the practice of his profession or business 
may apply to the Council to waive his future annual subscriptions 
provided that his membership of The Institution has been continuous 
for at least 25 years. If he desires to continue to receive the Journal 
he can do so on payment of 10s. per annum. Parts A, B and C of 
the Proceedings will also be available to him at the appropriate 
subscription rates. 


In addition to the foregoing, it should be noted that a 
further rule provides that as soon as a member of any class has 
completed 50 years of membership he will not be required 
to pay any further membership subscriptions, regardless of 
whether he is still in remunerative employment. This rule 
operates automatically, and the member on qualifying is 
notified accordingly. If he desires to receive the Journal or 
the Proceedings the arrangement for retired members of 
25 years’ standing also applies. 


UTILIZATION SECTION 
DINNER-DANCE 


Some tickets are still available, to members of the Utilization 
Section, for the Annual Dinner-Dance of the Section on the 
16th January 1957. The charge for a single ticket is £1 16s. 6d.; 
a Graduate or Student may obtain two tickets, for himself 
and a lady, at £1 5s. Od. each. Those who wish to attend the 
Dinner-Dance and who have not yet secured tickets should 
apply to the Secretary immediately. 


THE TECHNICAL PUBLICATIONS 
PANEL 


In the Annual Reports of The Institution for 1954-55 and 
1955-56 there have been references to the formation of The 
Institution’s Technical Publications Panel and their work of 
encouraging the publication of advanced textbooks. These 
references, and particularly the term ‘Institution Series’, which 
was used in one of them, have, the Council believe, caused a little 
misunderstanding among some members about the Panel's 
activities. The Council hope that the following statement about 
the Panel will remove this. 

The work of the Technical Publications Panel, which was 
established by, and reports to, the Education and Training 
Committee of the Council, lies in trying to make available 
suitable advanced textbooks on aspects of electrical engineer- 
ing where the existing books appear to the Panel and their 
advisers to be inadequate. As the Panel see it, the main 
difficulties for a publisher producing advanced electrical 
textbooks are: (i) obtaining the services of the best authors, 
who are normally extremely busy engineers, and must usually 
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regard the work of writing a specialized textbook as a labour 
of love; (ii) knowing the scope of the book that will appeal 
most to the engineers who will read it; (iii) making the book 
an economic proposition. 

Unless the subject is very specialized, (i) and (ii) are likely, 
in the Panel’s view, to be greater problems than (iii), especially 
for post-graduate books, which may be priced higher than 
those designed for the university or technical college student. 
This is not to underestimate the difficulties that publishers 
are experiencing through ever-increasing production costs, 
and, as mentioned below, the Council may be prepared to 
help financially with the publication of a first-class book that 
the Panel consider must be made available to the public. 
However, the main effort of the Panel is towards meeting 
difficulties (i) and (ii) and they are actively encouraging 
experienced engineers to write textbooks at post-graduate 
level, on subjects about which there appears a real need for 
authoritative books. To this end suggestions from members 
about subjects for new books are very welcome, and the Panel 
will assess them with care. Where the Panel are convinced that 
a new book is required, they will be glad to arrange for expert 
advice to be given to an interested author or publisher about 
the most useful scope for the book. 

For these books, often on new or swiftly developing subjects, 
the Panel normally leave the author to make his own arrange- 
ments with a publisher, and The Institution does not bear any 
financial responsibility. Only if several technical publishers of 
repute turn down, on economic grounds, a manuscript or idea 
which the Panel consider should certainly be published or 
brought to fruition, will any financial assistance be given 
towards publication. It should be stressed that such financial 
aid is given in the form of underwriting and that The Institution 
is financially liable (up to an agreed amount) only if the sales 
of the book fail to pay for the publisher’s production costs. 

The Panel are not at present engaged in promoting any 
‘series’ of books in the sense that the word is normally under- 
stood. It is possible that they may do so in the future, but the 
books in the series would probably comprise mainly reprints 
of classic textbooks of undergraduate level, which were 
out of print and in which the original publishers were no 
longer interested. The Institution has no intention of setting 
up in competition with commercial publishers [though it does 
not abrogate its right to publish books under Clause 4(c) of 
its Royal Charter], who, it recognizes, have over the past 
few years maintained a high output of worth-while books on 
electrical engineering, at a time of real difficulty in the book 
trade. 


THE JOURNAL AND THE 
PROCEEDINGS 


REVISED SUBSCRIPTION RATES FOR NON-MEMBERS 
The rates of subscription to the Journal and the Proceedings 
for non-members are being increased from the Ist January 
1957. The charges for single copies are also being raised. The 
new rates are as follows: 


Annual Single 
Subscription Copies 
Journal £1 15s. 6s. 
Preceedings, Part A £2 5s. 10s. 
Proceedings, Part B £2 5s. 10s. 
Proceedings, Part C £1 12s. 6d. 
All four £7 _ 


Both the subscription and single-copy rates for members 
of The Institution remain unchanged. 


DECEMBER 1956 


SUBSCRIPTIONS TO THE PUBLICA- 
TIONS OF OTHER ENGINEERING 
INSTITUTIONS 


We remind members of the reciprocal arrangements whereby 
they can obtain the technical periodicals of other Engineering 
Iastitutions and Societies at the specially reduced rates listed 
below: 


Institution of Civil Engineers (Proceedings) . +. i 
Part I - nee oe ake 100 
Part II .. 10 0 
Part III . 10 0 


(Single issues of any Part, 3s. ‘6d. ) 


Institution of Mechanical Engineers: 
Chartered Mechanical Engineer and separates of Proceedings 4 16 0O 
Chartered Mechanical Engineer and separates and bound 
volumes of Proceedings and Automobile Division 


Proceedings .. 618 6 
Chartered Mechanical ‘Engineer and bound volumes of 
Proceedings and Automobile Division Proceedings a es 
Self-binding case for the copies of Chartered Mechan- 
ical Engineer .. a i _ - - 13 0 
American Institute of Electrical Engineers: 
Electrical Engineering .. 210 0 
Transactions 312 6 
Both the above publications 47 6 
Communication and Electronics a 
Application and Industry 2°22 
Power Apparatus Systems 5 2 9 
Associazione Elettrotecnica Italiana: 
L’ Elettrotecnica be =“ Bi + ye co Cee 
Alta Frequenza ‘s e a wits ie se 17 6 
Dansk Ingeni@rforening . . ee | 
Engineering Institute of Canada :. 2 <@ 
Institution of Engineers, India .. 214 0 
Institute of Physics: 
British Journal of Applied Physics 210 0 
Journal of Scientific Instruments 2.10 0 
Both the above publications 5 00 
Institute of Radio Engineers, America: 
Proceedings = . ave a 
Transactions of ‘the 21 ‘Professional Groups i ae oe 
Transactions of any single Professional Group > 4a 


Institution of Engineers, Australia 
Koninklijk Instituut van Ingenieurs Se is 
New Zealand Institution of Engineers. . wai Se te 14 


N= 
wn 
Aoonannooco oon 


Société Belge des Electriciens 1 4 
Société Frangaise des Electriciens 2 8 
South African Institute of Electrical Engineers 2 1 
Svenska Teknologféreningen <a 1 15 


Verband Deutscher Elektrotechniker e. Vi: 


Elektrotechnische Zeitschrift edition A (ETZ-A) 2 
Elektrotechnische Zeitschrift edition B (ET Z-B) 1 
Elektrotechnische Zeitschrift edition A and B ‘= ae 
Nachrichtentechnische Zeitschrift (NTZ) eke ae 


cose 
ccooo 


Members’ subscriptions must be transmitted through the 
Secretary of The Institution of Electrical Engineers, except 
those for the publications of The Institution of Mechanical 
Engineers, which should be sent to the Secretary of that 
Institution, and those for the Proceedings of The Institution 
of Civil Engineers, which should be sent to one of the 
following agents: 


Sir Isaac Pitman and Sons, Ltd.: The Book Centre, North Circular 
Road, Neasden, London, N.W.10; Little Collins Street, Melbourne, 
Australia; Pitman House, 381-3, Church Street, Toronto, Canada; 
27, Becketts Buildings, President Street, Johannesburg, South Africa; 
Pitman Publishing Corporation, 2, West 45th Street, New York; 
A. H. Wheeler and Co., Hornby Road, Bombay; 11, Clive Street, 
Calcutta, and 115, Elgin Road, Allahasad. 
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PROFESSIONAL CONDUCT IN CANADA 


The Council give notice that, on the application of the partners 
in a firm of consulting engineers regularly practising in 
Canada, who are members of The Institution, they have 
approved a modification of paragraph (e) of Bye-law 42 (iii) in 
its application to the conduct of those members to permit 
them, when practising in Canada, to conform to the practices 
which are there customary and permissible under the Code of 
Conduct of the Engineering Institute of Canada. 

{In the Annual Report for 1953-54 notice was given of a 
corresponding action by the Council, which referred to a 
member regularly practising as a consulting engineer in 
Southern Ireland.] 


SYMPOSIUM ON THE 
TRANSATLANTIC TELEPHONE CABLE 


The attention of members is drawn to the meeting on the 
24th January 1957, at which a symposium of twelve papers on 
the recently completed transatlantic telephone cable will be 
presented and discussed. The authors of the papers are 
British, American and Canadian, and, to allow the cable to 
speak for itself, the meeting in the Lecture Theatre of The 
Institution will be happily linked by telephone with corre- 
sponding meetings of the American Institute of Electrical 
Engineers and the Engineering Institute of Canada. A large 
attendance is expected at Savoy Place, and it is likely that 
overflow meetings within the Institution Building will be 
necessary. For the time of the meeting and the titles and 
authors of the papers see ‘Forthcoming Events at Savoy 
Place’, page 777; for synopses of the papers see ‘Monographs 
and Papers published individually this month’, page 765. 


NUCLEAR CONGRESS IN 
PHILADELPHIA 


The Second Annual Nuclear Congress is being held in 
Philadelphia, U.S.A., from the 11th to 15th March 1957. This 
is being sponsored by the American Engineers Joint Council, 
including the five American societies who are member bodies 
of EUSEC. All individual members of EUSEC societies are 
cordially invited to attend. The programme will be of broad 
interest to engineers concerned with nuclear energy applica- 
tions. At the same time as the Congress there will be a Second 
International Atomic Exposition of peaceful nuclear appara- 
tus made in America. Further information about the Congress 
and Exposition will be announced later. 


ASLIB MEETINGS 


We have been asked to bring the following meetings arranged 

by ASLIB (Association of Special Libraries and Information 

Bureaux) to the notice of members: 

30th January 1957 ‘The Scientific Film as a Medium of Scientific 
Communication’, by Dr. A. R. Michaelis. 


‘The Royal Society’s interest in Scientific Publica- 
tions and Dissemination of Information’, by 
Dr. D. C. Martin. 


‘Reclassification of the Library of the Institution 
of Civil Engineers’, by H. C. Richardson. 

The meetings will be held at the Royal Society of Arts, 
8 John Adam Street, London, W.C.2, at 6 p.m. (tea at 
5.30 p.m.). Further information may be obtained from the 
Director, ASLIB, 4 Palace Gate, London, W.8. 


Sth March 1957 


25th April 1957 
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ACTON TECHNICAL COLLEGE 
COURSES IN MATHEMATICS, CONTROL SYSTEMS AND COMPUTERS 


Some advanced courses of evening lectures on subjects of 

interest to electrical engineers have been arranged at Acton 

Technical College in the early months of the new year. Brief 

details of the courses and lecturers are as follows: 

J. I. Mitchell, M.sc., A.INST.P, 

E. E. Robinson, M.c. 

N. Ream, B.A. F 

M. E. Fisher, B.sc. 

J. G. L. Michel, m.sc. 

D. V. Blake, B.sc., ASSOCIATE 
MEMBER 

D. M. Mackay, B.sc., PH.D. 


‘Laplace Transform, Complex Vari- 
able, Theory of Control Systems and 
Servomechanisms’ 


‘Introduction to Analogue Computing 
by Electronic and other Techniques’ 


Electronic Digital Computers 
‘Programming with reference to 
Pegasus’ 

‘Logical Design’ 

‘Use of Data in Decision-Making’ 
Most of these courses begin in the middle of January 1957 

and consist of about ten lectures each. Further information 

may be obtained from the Principal, Acton Technical College, 

High Street, Acton, W.3. 


G. E. Felton, M.a. 


C. H. Devonald, B.a. 
Joan Keen, B.sc.(ECON.) 


VERY LOW FREQUENCY SYMPOSIUM 


The low-frequency end of the radio spectrum has been almost 
ignored for some years, but with the increasing congestion at 
the high-frequency end scientists are looking anew at I.f. waves. 
Propagation is often more stable for them than for h.f. waves, 
and they may be useful for submarine communication. 
Research into I.f. waves has given the radio physicist a new 
phenomenon for study, namely weak signals from lightning 
discharges, known as ‘whistlers’. These are radio waves which 
are reflected back and forth over great distances and can be 
heard on low frequencies. They may be very useful for study 
of the ionosphere. 

To stimulate research into I.f. waves the National Bureau of 
Standards in America is arranging a Very Low Frequency 
Symposium, which will be held at the Boulder Laboratories, 
Colorado, from the 23rd to 25th January 1957. Members of 
The Institution will be welcome at this Symposium, and full 
information may be obtained from Mrs. Betty E. Rees, U.S. 
Department of Commerce, National Bureau of Standards, 
Boulder Laboratories, Boulder, Colorado. 


THE LATE MR. P. V. HUNTER, 
HONORARY MEMBER 


The family of the late Mr. P. V. Hunter expressed a wish that. 
donations should be sent to the Benevolent Fund in his 

memory in place of floral tributes. The response has been 

most generous, and the Court of Governors wish to record 

their appreciation of this action, which has resulted in a totale 
contribution of £198 14s. 3d. 


OLYMPIC GOLD MEDAL 


Members will have been intensely pleased by the news that 
Britain’s first gold medal since 1932 for an individual track 
event in the Olympic Games has recently been won by a son 
of the Secretary of The Institution. The President believes that 
this outstanding achievement should be noticed in The 
Institution’s own journal, and that all members would like to 
join in this way in sending congratulations to Mr. Brasher on 
the great honour his son has brought to Great Britain. 
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Forthcoming Events 
at Savoy Place 


All meetings are held at Savoy Place, beginning at 5.30 p.m. 
(tea at 5 p.m.), except where otherwise stated. The nature of 
the meeting is indicated by the following key: 


CarOkmm 


EDUCATION DISCUSSION CIRCLE 

INFORMAL 

*MEASUREMENT AND CONTROL SECTION 
ORDINARY 

RADIO AND TELECOMMUNICATION SECTION 
SUPPLY SECTION 

UTILIZATION SECTION 


After each paper that has now been published is added the 
month that a synopsis appeared in the Journal under ‘Mono- 
graphs and Papers published individually this month’. 


December 1956 


mM 18 


s 19 


Tuesday C. G. GARTON and J. H. MASON, B.SC., will 
open a discussion on ‘Breakdown in Dielectrics’ t 


Wednesday A. MORRIS THOMAS, B.SC., and D. F. 
OAKESHOTT, B.SC. ‘Choice of Insulation and Surge 
Protection of Overhead Transmission Lines of 33 kV 
and Above’ (Paper No. 2158 S)|| Synopsis: August 
1956 


January 1957 


MR 8 


eu 16 


Tuesday R. B. R.-SHERSBY-HARVIE, B.A., L. B. MULLETT, 
B.SC., W. WALKINSHAW, M.A., J. S. BELL, B.SC., and 
B. G. LOACH, B.SC. ‘A Theoretical and Experimen- 
tal Investigation of Anisotropic-Dielectric-Loaded 
Linear Electron Accelerators’ (Paper No. 2127 M)|| 
Synopsis: July 1956 


Thursday MIRIAM V. GRIFFITH, B.SC. ‘Some Aspects of 
Heat-Pump Operation in Great Britain, with par- 
ticular reference to the Shinfield Installation’ 
(Paper No. 2273 U)§ Synopsis: See page 766 


Monday i. C. FOX and J. H. HARRIS, B.SC.(ENG.), will 
open a discussion on ‘The Influence of Maintenance 
Requirements on the Design of Industrial Electrical 
Equipment’* = 


Tuesday H. E. DANCE, M.ENG., and P. F. SOPER, PH.D. 
(ENG.), B.SC.(ENG.), will open a discussion on ‘Dis- 
tribution of Power Supplies in Electrical Labora- 
tories’* (At 6 p.m., tea at 5.30 p.m.) 


Wednesday Section Dinner-Dance (at the Café Royal) 


Thursday C. A. CAMERON BROWN, B.SC., and A. W. 
GRAY. ‘Electricity in Modern Commercial Horti- 
culture’ (Paper No. 2272 U)§ Synopsis: See page 766 


Wednesday ¥. OAKES. ‘Design Considerations for 
Junction-Transistor Oscillators for the Conversion 
of Power from D.C. to A.C.’ (Paper No. 2299 R)§ 


K. P. P. NAMBIAR, B.SC., and A. R. BOOTHROYD, 
B.SC.(ENG.), PH.D. ‘Junction-Transistor Bootstrap 
Linear Sweep Circuits’ (Paper No. 2228 R)§ 


DECEMBER 1956 
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(contd.) 
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24 


29 


J. C. HENDERSON, B.SC., and J. R. TILLMAN, D.SC., 
PH.D. ‘Minority-Carrier Storage in Semi-Conductor 
Diodes’ (Paper No. 2293 R)§ 


Thursday Symposium of papers on the Transatlantic 
Telephone Cable. (Joint Meeting, linked by the Cable, 
with the American Institute of Electrical Engineers 
and the Engineering Institute of Canada. At 7 p.m.) 


MERVIN J. KELLY, PH.D., D.ENG., D.SC., LL.D., and 
SIR GORDON RADLEY, K.C.B., C.B.E., PH.D.(ENG.). 
‘Foreword’ (Paper No. 2230)§ Synopsis: December 
1956 


E. T. MOTTRAM, R. J. HALSEY, J. W. EMLING and R. R. 
GRIFFITH ‘Transatlantic Telephone Cable System— 
Planning and Overall Performance’ (Paper No. 
2274)§ Synopsis: December 1956 


H. A. LEWIS, R. S. TUCKER, G. H. LOVELL and J. M. 
FRASER ‘System Design for the North Atlantic Link’ 
(Paper No. 2275)§ Synopsis: December 1956 


T. F. GLEICHMANN, A. H. LINCE, M. C. WOOLEY and 
F. J. BRAGA ‘Repeater Design for the North Atlantic 
Link’ (Paper No. 2276)§ Synopsis: December 1956 


H. A. LAMB and W. W. HEFFNER ‘Repeater Production 
for the North Atlantic Link’ (Paper No. 2277)§ 
Synopsis: December 1956 


G. W. MESZAROS and H. H. SPENCER ‘Power Feed 
Equipment for the North Atlantic Link’ (Paper No. 
2278)§ Synopsis: December 1956 


J. O. MCNALLY, G. H. METSON, E. A. VEAZIE and M. F. 
HOLMES ‘Electron Tubes for the Transatlantic Cable 
System’ (Paper No. 2279)§ Synopsis: December 1956 


A. W. LEBERT, H. B. FISCHER and M. C. BISKEBORN 
‘Cable Design and Manufacture for the Trans- 
atlantic Submarine Cable System’ (Paper No. 2280)§ 
Synopsis: December 1956 


R. J. HALSEY, B.SC.(ENG.), and J. F. BAMPTON, B.SC. 
(ENG.), ‘System Design for the Newfoundland—Nova 
Scotia Link’ (Paper No. 2243 R)§ Synopsis: Decem- 
ber 1956 


R. A. BROCKBANK, PH.D., B.SC.(ENG.), D. C. WALKER, 
B.SC.(ENG.) and V. G. WELSBY, PH.D., B.SC.(ENG.) 
‘Repeater Design for the Newfoundland—Nova 
Scotia Link’ (Paper No. 2249 R)§ Synopsis: Decem- 
ber 1956 


J. F. P. THOMAS, B.SC.(ENG.), and R. KELLY, B.SC.(ENG.), 
‘Power-Feed System for the Newfoundland—Nova 
Scotia Link’ (Paper No. 2251 R)§ Synopsis: Decem- 
ber 1956 


J. S. JACK, W. H. LEECH and H. A. LEWIS ‘Route Selec- 
tion and Cable Laying for the Transatlantic Cable 
System’ (Paper No. 2281)§ Synopsis: December 1956 


Tuesday K. KANDIAH, M.A., and G. B. B. CHAPLIN, 

M.SC., PH.D., will open a discussion on ‘The Per- 

formance of D.C. Amplifiers, with special reference 

to the use of Transistors’ ft 

* No advance information will be available and no Press 
report will be permitted. ' : 

+ An abstract of the introduction will be available in advance. 
This paper has now been published individually. 

§ This paper will be published not later than 10 days before 
the date of reading. 
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sM 30 Wednesday Cc. ADAMSON, M.SC.(ENG.), and L. M. 


WEDEPOHL, B.SC.(ENG.), ‘Power System Protection, 
with particular reference to the Application of 
Junction Transistors to Distance Relays’ [Pro- 
ceedings I.E.E., Paper No. 2085S, August 1956 


District Meetings 


Arrangements for District Meetings in January other than 
those in the area of a Local Centre. 


Oxford (At the Southern Electricity Board, 37 


(103, Part A, p. 379)] George Street, at 7 p.m.) 

C. ADAMSON, M.SC.(ENG.), and L. M. WEDEPOHL, January 1957 

B.SC.(ENG.), “A Dual- Comparator Mho-Type Dis- 9 Wednesday R. A. L. COLE, B.A., ‘The Elementary 
tance Relay Utilizing Transistors’ [Proceedings Physics of Transistors’* ° 


LE.E., Paper No. 2177S, September 1956 (103, 
Part A, p. 509)] 


* No advance information will be available. 


Contents of the Current Issues of the Proceedings 


DATE OF JOURNAL 
REVIEW OR 
SPECIAL ARTICLE 


December 1956 


December 1956 


December 1956 


December 1956 


December 1956 


December 1956 
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PART A. POWER ENGINEERING (DECEMBER 1956) 


J. H. WALKER, M.SC., PH.D. 
Voltage-Excitation Characteristics of Synchronous Machines (PAPER No. 2168 S) 


T. E. GREEN, M.I.MECH.E. 
Mine Locomotives (PAPER No. 2106 U, May 1956) 


H. C. HALL, M.SC., AND E. KELK, M.SC. 
Physical Properties and Impulse Strength of Paper (PAPER No. 2024S, Aprit 1956) 


H. C. HALL, M.SC., AND D. J. SKIPPER, B.SC.(ENG.) 
The Impulse Strength of Lapped Impregnated Paper Dielectric (PAPER No. 2025 S, Aprit 1956) 


W. G. STANDRING, M.A., AND R. C. HUGHES, B.SC. 
Breakdown under Impulse Voltages of Solid and Liquid Dielectrics in Combination (Paper No. 2050S, Aprit 1956) 


Discussion on A High-Power Mechanical Contact Rectifier before the Mersey and North Wales Centre 


PROFESSOR G. H. RAWCLIFFE, M.A., D.SC., AND B. V. JAYAWANT, B.ENG. 
An Asymmetrical Induction-Motor Winding for 6:3 :2:1 Speed Ratios (Paper No. 2180 U) 


Discussion on Automatic Circuit Reclosers before the Southern Centre, the Rugby Sub-Centre, the Western pa 
Group, the North Midland Centre, the North Staffordshire Sub-Centre, the South-West Scotland Sub-Centre, the 
Western Centre, the Mersey and North Wales Centre and the Northern Ireland Centre 


Discussion on Electrical Energy from the Wind before the South-East Scotland Sub-Centre, the Mersey and North Wales 
Centre, the South-Western Sub-Centre and the Western Supply Group 


Discussion on The Standardization of Retail Electricity Tariffs before the Mersey and North Wales Centre, the Western 
Centre, the East Midland Centre and the South-East Scotland Sub-Centre 


Discussion on The Electrification of the Manchester—Sheffield-Wath Lines, Eastern and London Midland Regions, British 

Railways before the South Midland Centre, the East Midland Centre, the Western Centre, the Sheffield Sub-Centre,* 
the Northern Ireland Centre, the North Staffordshire Sub-Centre, the Western Utilization Group, the Southern Centre 

and the South-Western Sub-Centre 


Written discussion on A Short Modern Review of Fundamental Electromagnetic Theory “e 
Discussion on Supervisory Equipment for the Indication of Shaft Distortion in Steam Turbines and The Electrical Measure- 


ment of Steam-Turbine Rotor Movements, with special reference to the Operation and Design of Modern Power Plant 
before the North-E1stern Centre, the South Midland Supply and Utilization Group and the East Midland Centre 


PART B. RADIO AND ELECTRONIC ENGINEERING (NOVEMBER 1956) 
See Journal, November 1956, page 710. 


PART C. MONOGRAPHS (SEPTEMBER 1956) 
See Journal, September 1956, page 570. 
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| some more facts of interest | 





> IS NUCLEAR FUEL EVERLASTING? The closed-circuit boiling water type of reactor, 
which Mitchells believe to be ideally suitable for use in remote areas and for 
Commonwealth development, consumes very little fuel. A reactor producing 60 
megawatts of electric power ‘burns up’ 230 /b of fuel per annum out of the charge 
of 50 tons. The equivalent consumption of coal would be 275,000 tons. Limited 
renewal is, therefore, necessary, but this is a routine job presenting no difficulty. 





> IS NUCLEAR POWER SAFE? The boiling water reactor is inherently safe and self- 
regulating. A nuclear explosion cannot occur in it. Any faulty operation which 
might cause over-rapid heating would also create pockets of steam which would 
automatically reduce radio-activity and heat production. - 





> IS NUCLEAR POWER COSTLY? Nuclear fuel has to be processed and is at present 
expensive, but such efficiency has already been achieved in converting it into 
electric power that operating costs are in every way competitive for small-load 
units and for remote areas. These costs will be lowered progressively as nuclear 
fuels are themselves developed more cheaply. 





MITCHELL DEVELOPMENTS in the field of atomic power are 
the logical outcome of 35 years’ exceptionally wide 
experience in all branches of engineering and electrical 
supply. The agreement between Mitchell Engineering 
Ltd and AMF Atomics Inc of New York, will 





MITCHELL 


undoubtedly have far-reaching effect in applying atomic 
power for the benefit of mankind. 

MITCHELL COMPANIES are at present engaged on three 
important contracts for the United Kingdom Atomic 
Energy Authority. 





MITCHELL ENGINEERING LIMITED ONE BEDFORD SQUARE LONDON 
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NOW- immediate delivery 
of the world’s easiest-to-maintain 


IDMT Relay 








* Simple, open construction * Each part readily detachable 


CDG Relays — Delivery ex stock for standard ratings 
6-8 weeks for other ratings 


ENGLISH ELECTRIC 


protective equipment 





THe ENGLISH ELECTRIC Company LIMITED, QUEENS HOUSE, KINGSWAY, LONDON, W.C.2 


Meter, Relay and Instrument Division, Stafford 
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CABLES LAID DIRECT IN GROUND—A.C. SYSTEMS ONLY 
































1,100 Vout | 3.3 kV AND 6.6 kV 11 kV 
| 3 Core Cables 
Esc = oe § 
=i ges Z A § 38 
4 S= | Bas H a5 
5 | 8 au35 | | I 
| ptf} nn ce 
fim, | shes, | diem, | shenn | Steck | shen | Steech 
cables * | Unarmd. | Unarmd. | Unarmd. | Armd. | Unarmd.| Armd. | Unarmd. 
: : |. Amp. Amp. Amp. Amp. 
| 
(9) (10) | (11) | (12) | (13) | (14) | CS) 
Le, | 76°) 76 | 76 | 66*| 67%) 73*| 739 
KE 16 
Kis 105 | 101 | 101 94 | 94 | 101 | 101 
aS: 133 | 125 | 125 | 113 | 013 | 129 | 129 
: 4179 | 176 | 176 | 160 | 160 | 168 | 172 
hor | 215 | 212 | 195 | 195 | 207 | 2m 
265 | 254 | 250 | 226 | 226 | 246 | 250 
300 | 285 | 281 | 261 | 261 | 277 | 281 
B35 | 316 | 304 | 292 | 296 | 312 | 320 
rae 363 | 350 | 340 | 351 | 363 | 371 
7 | 400 | 383 | 375 | 398 | 395 | 406 
ee: ; 456 | 422 
: : > | sos | 518 


























iven below. For ratings of cables installed under 
NG F/T128) should be consulted in conjunction 
ix 4 

















TION 
ss $ 
$ at ; 22 kV 33 kV (All Screened) 
P 3 Core 3 Core 
3Core | 3Core | SLor | Single SL or 
Belted SA Core | 3 Core SA 





65 | 65 | 65 | 65 | 65 65 
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Cables with aluminium conductors and 
sheaths cost less than their equivalents in 
other materials, and so their use is steadily 
increasing. The problem of re-training jointers 
in the latest methods is considerable, and as 
an aid we have prepared this new 84-page 
instructional handbook. It gives illustrated 
step by step instructions on the methods now 
popular in Great Britain, and also some of 


the simple and advanced techniques in use 
overseas. The appendices contain full rating 
tables for aluminium cables. 

Copies of the book are obtainable free on 
request from Aluminium Union Limited, or 
our Associated Company in Great Britain, 
Northern Aluminium Company, Limited, 
Development Division, Southam Road, 
Banbury, Oxfordshire. 


Aluminium Union Limited 


(Incorporated in Canada) 


THE ADELPHI, JOHN ADAM STREET, LONDON, W.C.2 4n ALUMINIUM LIMITED Company 
OFFICES, ASSOCIATED COMPANIES AND AGENTS THROUGHOUT THE WORLD 
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Above: Submerged repeater power 
supply cubicles at Sydney 
Mines. Cable terminal 
cubicle is shown at centre. 


Right: Testing 4 Mc/s coaxial ter- 
minal repeater equipment 
at Oban. 


The transatlantic cable system is an 
advance in telecommunications 
which will rank high among the 
century's major engineering 
achievements. 


Standard played an important part 
in the design, manufacture and 
installation of much of the equip- 
ment now in service on the 
transatlantic route, and have a 
continuous programme of develop- 
ment in submarine communication 
systems. 


Ce Standard Telephones ond Ce 


TELECOMMUNICATION 
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Srondard for 
complete submarine 
communication systems 

including cable 


Equipments similar to the multi-channel coaxial cable telephone system 
installed between Glasgow and Oban, the submerged two-way repeaters 
with their power feeding equipments in the Clarenville-Sydney Mines 
section of the transatlantic route, the broadcast channelling equipment in 


New York and Montreal, together with other Standard multi-channel 


apparatus operating over the system, can be supplied for large or small 


projects. 


Standard engineers, experienced in the installation of land and submarine 
telecommunications systems, can give assistance in the early stages of 


system route planning for telephone, telegraph or television transmission 


networks. 











2 UPN, © Rea o AREY aT EO Sree ema 
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One of 16 repeaters as laid 
between Clarenville and 
Sydney Mines shown 
without sunsea casing. 
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Our first customer was a Lighthouse 


Twenty five years ago we needed stand-by generating plant for Chance Lighthouses. In view of the quite exceptional 
reliability demanded, we decided we had better design and build the plant ourselves. That was how we came into Austinlite. 
But many other things require this same kind of reliability: telecommunications, for example. And so you find 
Austinlite plant supplying an unbroken flow of power to telephone systems, radio and radar beacons, airfield control and 
landing aids in all parts of the World. 
This reliability for which Austinlite has become famous is the result of two things. An inbuilt refinement of design, 


and the exact adaptation of the plant to the job. That is why, beside standard Austinlite plant, much Austinlite equip- 





ment is tailor made. Give Austinlite engineers a clear idea of the difficulties to be overcome, and provided the job is 


practicable at all, they will design plant to overcome them. They have done so again and again. 


—7hustinlite AUTOMATIC GENERATING PLANT 


Tailor-made by STONE-GHANGE LTD. 
(The Makers of Sumo Pumps & Stone-Chance Lighthouses) 28, ST. JAMES’S SQUARE, LONDON, S.W.1 
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CALDER HAL 


POWER STATION 

















; > Electric Construction 
“Company Limited, are filled 
with ILO insulating oil. - 
Also those installed 
‘at the Windscale grid substation 
of the C.E.A. which are made by 
C. A. Parsons & Co. Ltd. 


WAKEFIELD-DICK INDUSTRIAL OILS LTD 


67, GROSVENOR STREET - LONDON, W.!. we 
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The electricity supply of this country has been largely built 
up, operated and maintained by the Corporate Members of 
the Institutions of Civil, of Mechanical and of Electrical 


Engineers. 


The Central Electricity Authority has to meet a public 
demand for electricity which doubles every ten years. This 
increasing responsibility also will be borne by the Graduates 
and Students of these Chartered Institutions. 





CENTRAL ELECTRICITY AUTHORITY 


WINSLEY STREET 
LONDON, W.1. 
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NOTICE 


Completion of Volume 


The December 1956 issue completes 
Volume 2 (New Series) of the Journal of The Institution of 
Electrical Engineers 





Binding 

The Institution’s binders are W. H. Smith and Son, Ltd., 
9-13 Kean Street, London, W.C.2. 

Members and subscribers who wish to have their copies of 
the Journal bound may hand in, at any W. H. Smith and Son 
bookshop or bookstall, the twelve individual copies, together 
with the index and title page enclosed with this issue, thus saving 
the trouble of packing and posting. 

The charge for a binding case plus binding is 16s. 6d. The 
charge for the binding case alone is 7s. 6d. (post free). 

Those who prefer to do so, or who reside abroad, may 
dispatch their copies direct to the Binding Department at 
Kean Street, with the return postage charge added to the 
remittance. 


Better base. Bakelite Ltd. have unrivalled experience in the 
manufacture of phenolic laminated material, which forms the base of 
copper-clad laminated. Its excellent electrical and physical properties 
are maintained in this new application. 


Better bonding. Bakelite Limited’s researches into properties and 
processes have resulted in an excellent permanent bonding between 
copper foil and base. Dip soldering and other processes can be used 
without the copper lifting or moving. 





> 
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One of the many printed circuits of 
BAKELITE Copper-Clad Laminated, used 
in part of the new Kolster-Brandes 
Television Set . . . with the components 
in position. 





Proved by use in radio and television sets, and 
all types of electrical and electronic equipment, 
BAKELITE Copper-Clad Laminated is the best 
material for cleaner, more economical and 
longer lasting printed circuits. 


Please write for further information. 









BAKELITE 


TRADE MARK r 















BAKELITE LIMITED - 12-18 GROSVENOR GARDENS - LONDON SWI - SLOane 0898 


Bakelite Limited manufacture an extensive range of plastics 
materials and maintain a technical service unequalled in the 
industry. No matter what your plastics problems this service 
is at your disposal. SLOane 0898 is the telephone number. 
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CHILTON ELECTRIC PRODUCTS LTD 











X 

















HUNGERFORD 
Tondon Office: 19 Old Queen Street, S.W.1. 


CHILTON CHILTON CHILTON CHILTON CHILTON CHILTON CHILTON PCHILTON | 
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SPECIALIST AT WORK 


CHILTON are the people who specialise in 
Circuit Protection. They have, over the years, 
made an intensive study of this subject. 

The Chilton range of Circuit Breakers and 
Earth Leakage Trips includes types for 

all applications within a 100-amp. normal 


maximum rating. 


Certificates of tests, issued by an A.S.T.A. 
approved Short Circuit Testing Station, 

show that Chilton Circuit Breakers have a 
very high rupturing capacity at low power 


factor. Write now for full technical details. 


CHILTON CIRCUIT BREAKERS Safe and efficient under all load conditions. In Single, Double, 


Triple or Four Pole frame sizes, in plastic (single pole only), dic- 
cast aluminium or sheet steel cases. Standard Ratings: }, 2}, 5, 
10, 15, 30, 40, 50 and 60 amps. All handles trip free. Normally 
fitted with both thermal time lag overload and magnetic short 
circuit tripping. 


CHILTON EARTH LEAKAGE TRIPS 


Type ELT/A (without overload protection}— 
Robust Double Pole Unit built in accordance 
with BS:842:1939. Suitable for all current ratings 
up to and including 60 amps. at 250 v. A.C. 
Type ELT/B (with overload protection)—Incore 
porates thermal time lag overload protection and 
instantaneous short circuit protection. Earth 
leakage tripping mechani fected by long 
periods of inactivity in dirty, greasy or damp 
conditions. 





BERKS - ENGLAND -: Phone: Hungerford 287 


Phone: Trafalgar 3035 


NOLTIH SD 


NOLTIHD 
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Precision 
Limit Switches 

























Class 9007 Tyf 
components in au 
mechanical moveme 
electrically impulse thei 
D relays, timers and m 
prising a machine tool electri 
Consistently accurate limit sv 
essential to uniform machine tool perfo 
Long life Square D Limit Switches also gua 
against production failure. Accuracy and long 
life—products of Square D Design Leadership. 


e a 
y g j eats PRECISION SNAP SWITCH 


@ Only 5 degrees movement to trip—.050 inches on Beneath the cover of eve 
: z ry Class 9007 Type A 
the push rod type. Quick-make and break. limit switch is incorporated a SQUARE D snap 
@ 25 degrees emergency overtravel in both switch—the product of years of development and 






directions— 5/32 inch on push rod type. production experience. 
@ Quickly convertible from @ High grade beryllium copper Overcentre 


right hand to left hand Toggle Spring heat-treated in a precision 
operation — or to main- fixture. 

tained contact. @ Return Spring of non-corrosive stainless steel. 
@ A wide variety of arm @ Contacts of non-welding fine silver 


lengths and roller arms— ‘ ‘ 
including a one way roller @® Non-carbon tracking Melamine case. 


having flick-back action. @ Hard wearing moulded nylon button, 





Push Rod Type 
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@ MERCURY-ARC 
RECTIFIERS 







LEFT 
20 kW BATTERY-CHARGING 
RECTIFIER 
INPUT—400voilts 3 phase 
OUTPUT — 110 volts 182 amps. 
b MOOR GREEN COLLIERY-N.C.B. 


@ SELENIUM- 
RECTIFIERS 


LEFT 
35 AMP. 24 VOLTS OUTDOOR 
TYPE BATTERY CHARGER 








® MOTOR- 
GENERATORS 


LEFT 

MOTOR GENERATOR SET 
FOR TELECOMMUNICATIONS 
1BHP MOTOR DRIVING 
13 amps. 15 volts GENERATOR 









2170 amps. 460 v: 
MERCURY-ARC RECTIFIER 
INPUT —11kV 3 phase 
EASTWOODS CEMENT LTD., LEWES 








=e 






PART OF THE 
150,000 AMP. 18 VOLTS RECTIFIER 
INSTALLATION FOR ELECTROLYTIC 
TINNING LINES TROSTRE WORKS 
STEEL COMPANY OF WALES 






SYNCHRONOUS MOTOR-GENERATOR @& 
SET FOR AUSTRALIA 

2580 BHP 10250volts 3 phase 

MOTOR COUPLED ON EACH SIDE 

TO A D.C. GENERATOR 8000 amps. 

at 4/110 volts 







DECE! 


© Consult us as le the night equya yrnend for YOUR job 
We have hove nctivaliod expanse te Alt tye — 
from lhe smallest lo the largest 


THE ELECTRIC CONSTRUCTION COMPANY LTD 


BUSHBURY ENGINEERING WORKS WOLVERHAMPTON 
7 LINES ESTABLISHED 1882 





TELEPHONE : W-ton 21455 
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Suppressor 
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Integral terminations at both ends ensure a wide 
field of application for these cores in the 
construction of self-resonant chokes for TV inter- 


ference suppression. Indeed, this is an 








outstanding design feature for many types of R/F 
— wae coils and chokes required in small light- 


weight equipment. High internal resistance means 








that the shunting effect on the coil is 








negligible. The range of materials and termina- 
tions is such that most frequencies, 


particularly Band III, are adequately covered. 





Literature and sample cores | are readily available to Design Engineers on request. Plessey | 








THE PLESSEY COMPANY LIMITED, CHEMICAL & METALLURGICAL DIVISION, WOOD BURCOTE WAY, TOWCESTER, NORTHANTS. TEL: TOWCESTER 312 
@ P.c.7 
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.- from every point of view .. . its TELMAG 


FOR STRIP wouNnp corEs/ 


“After the meeting, call TELMAG” . 
simple phrase which provides the answer to 
the problem of maintaining transformer 
core performance, whilst reducing size 
and weight. Telmag Strip Wound Cores 
in grain oriented silicon iron assure 
lower watts loss at higher flux den- 
sities, plus a big saving in jig and tool 
charges. Prompt delivery is assured, 
and the high quality and performance 
of all cores are a result of many years 
of specialised knowledge and ex- 
perience of Telmag. . . the first and 
still the foremost name in Strip 

Wound Cores. 


THE TELMAG RANGE OF PRODUCTS 


*C’ CORES for single phase transfor- 

mers to standard specification RCL 193 

in ribbon thicknesses 0-001” to 0-012” 

according to operating frequencies. In a 

wide range of standard sizes plus special 
types to customer’s own designs. 


‘E’ CORES for three phase transformers 
where space saving and weight reduction are 
imperative. In 12 graded sizes with ribbon 
thicknesses 0-001" to 0-012” according to 
Operating frequencies. 
CRUCIFORM CORES for rural distribution 
= up to 25 KVA rating. Cut or uncut 
as desired 


TOROIDS in various material grades and ribbon 

thicknesses. For current and instrument trans- 

formers, audio frequency transformers, auto trans- 
formers and magnetic amplifiers. 


A specialised advisory service is maintained and we are al- 
ways pleased to co-operate on any specific problem regarding 
rformance and production Dg of Strip Wound 
Transformers and Chokes. Literature and further 
A. =F is freely available upon request. 








Contact $8358 | ¥:\e8 about strip wound cores...today! 


TELCON MAGNETIC CORES LIMITED 
CHAPELHALL, AIRDRIE, LANARKSHIRE. TEL. AIRDRIE 22383 
4 Member of the TELCON metals group. 
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ELECTRO-MAGNETIC 
COUNTER WITH RE-SET 


(PATENTED DFSIGN) 
All types of electric and mechanical counting 


instruments, speed indicators, predetermined 
units and measuring machines. 


————— SEND FOR CATALOGUE & DETAILS: 





INSTRUMENT DIVISION 
B. & F. CARTER & CO., LTD., 
BOLTON 10, ENGLAND 


TEL, BOLTON 4344 P.B.X, 











ZENITH 


REGD. TRADE-MARK) 


Insulation 
FLASH TEST EQUIPMENT 


with the unique safety test prods 

Equipped with 
““VARIAC” pri- 
mary _ control 
giving continu- 
ous H.T. voltage 
regulation from 
zero to maxi- 
mum. Standard 
outputs up to 
2,000 volts and 


3,000 volts. 





Ilustrated brochure free on request 


The ZENITH ELECTRIC CO. Ltd: 
ZENITH WORKS, VILLIERS ROAD, WILLESDEN GREEN 
LONDON, N.W.2 
Telephone: WiLlesden 6 See, Norphone, London 


Telegrams: Pp 
MANUFACTURERS > OI ELECTRICAL ENGINEERING PRODUCTS 
INCLUDING RADIO AND TELEVISION COMPONENTS 
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List No. 2947 
Flush Pattern 






More people are asking for more sockets in more homes. Twin units make 

it easy to fit extra outlets at low cost. These new MK designs have switch 

control on both sockets. 

The new range includes surface and flush all-insulated patterns as well as 

surface metalclad and flush metal units. The flush patterns have the same 

fixing-centres as the MK twin unswitched sockets. The two outlets are 
interconnected so that only one set of terminals 
is needed — a great saving on installation time. 


List No. 2949 





SOs Seeaee Specify these twin units for all positions where 
more than one appliance is likely to be used at 
the same time — for example, in the living-room 
at either side of the fireplace; in the kitchen 
above a worktop; in the bedroom beside the bed. 
MK twin units double the efficiency of every 
installation. 


([\\0. .. the mark ot progress 





...twin 13 amp. switchsocket-outlets 


M. K. Electric Limited, Wakefield Street, London N.18 Edmonton 5151 


MK1I30DHB 
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THE PROFESSIONAL ENGINEERS 
APPOINTMENTS BUREAU 


Incorporated under Limited Guarantee, 1947 


9 VICTORIA STREET LONDON : S:W:1 


The Principal Objects of the Bureau are: 


(a) To receive applications for registration for employment from mem- 
bers who, by reason of their engineering qualifications, belong to 
The Institutions of Civil, of Mechanical, or of Electrical, Engineers, 
or persons whose engineering qualifications for election or admission 
to one of those bodies have been approved by the respective Councils, 
and to charge and receive such registration fees and engagement fees 
as may be from time to time determined by the Board. 


(6) To receive inquiries from employers seeking the services of qualified 
professional engineers, to advise them, if desired, about the quali- 
fications required for any particular engagement and to submit to 
them particulars of persons registered with the Bureau whose 
experience seems to fit them for the appointment. 


(c) To give advice generally about the employment of professional 
engineers. 
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Registrar and Secretary: J. MUIL, M.1.£.£. 
Telephone: ABBEY 1737 


The Registrar wishes to draw the attention of all 
members of The Institution seeking a change of 
employment to the facilities offered by the Bureau. 
Appointments, ranging from practical training for 
Students to executive ts for senior Corporate 
Members, are notified employers both for this 
country and for oversea. Interested engineers should 
apply to the Registrar for a registration form and 
should state their class of membership. 


EMPLOYERS 


Employers of professional engineers are invited to notify 

vacancies, if possible with the following particulars: 

. Title of post with description of duties involved. 

2. Age range (as wide as possible, please, to include 
where practicable older men). 

3. Salary offered and supplementary remuneration, if 
any. 

4. Professional, technical and/or special qualifications, 

e.g. languages, etc. 

Location of work. 

Does the post involve control of staff? If so, to what 

extent? 

. Any other information which will assist in the selec- 

tion of candidates. 


ay 
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AIR & 
NITROGEN 


LECTRODRYERS provide dry 
air to: 

Dry CONDENSERS and 
TRANSFORMERS before fil- 
ling. Dehumidify ASSEMBLY 
and STORAGE rooms. Dry out 


ee CATHODE RAY TUBES after 
| washing. Prevent insidious 
| . br “| damp destroying INSULA- 
| he a = ae No. 82 on =f TION. Most of these problems 
: meee. I are met with standard equip- 
i Peskien.. : ment; the cut-out slip will 
\ imei bring you further details. 

| - sunasocesasSSnSSUSENERENSRSEENE - DIVISION OF 

: Product ™ BIRLEC LTD 





— AN 


REESE? 2 aS also LONDON 


SM/B2488/55 







TYBURN ROAD, BIRMINGHAM, 24 
Member of the A.E.I. Group of Companies 
SHEFFIELD 


essential to the 
Electrical Industry 





Mullard Valves Limited dry all the nitrogen 
used at their Waddon Works by passing it 
through Birlec Lectrodryers. 





GLASGOW NEWCASTLE-ON-TYNE 
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Progressive 
insulation 


technique 


Progress in the art of 
insulating transformers 

with casting-resins 

has made possible 

the production of 
voltage-transformers 

and current-transformers 
which have low dielectric loss, 
high impulse strength, 

high short-circuit security 


and high temperature resistance 


A. REYROLLE & COMPANY LIMITED 


ADVERTISEMENTS 


The insulation is 


homogeneous, has low 
moisture absorption and 

a high resistance to tracking. 
Cast-resin insulated 
transformers are now 

being incorporated in 

our air-insulated 

11-kV switchgear 


Reyrolle 


HEBBURN, COUNTY DURHAM, ENGLAND 
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0 ua li A Tt y WHEN SERVICE COUNTS— 


ASHBURTON EXCELS 
plus 







the production engineer finds no difficulty in meeting 
his commitments and the buyer has no worries about 
broken delivery promises.”’ 





“That is why so many designers of electrical and 
electronic equipment eventually consult us and use our 
Delivery. 


Our range of resistors, 
fixed and semi-adjustable, 
covers units from 6-600 





watts in dissipation 





resistors for prototype work. Such is our service that 
ervice 














Full details of our products 
can be obtained in our 
current catalogue which will 
be sent free on request. 








Al.D. Approved. 









. but nothing shocks the nvLoc 


24-volt or 232,000-volt Switchgear—it makes no difference to a Nyloc self-locking 
nut. The nylon insert grips the bolt thread so firmly that nothing (except a 
spanner) can disturb it. The Nyloc is the nut for any type of switchgear—oil 
immersed, air break, indoor, outdoor, contactor gear or flameproof equip- 
ment: it’s the right nut for any location where a normal nut would work 
loose. 

George Ellison Limited have found that using Nyloc Nuts in the as- 
sembly of their distribution switchgear does away with the need for 
constant inspection and maintenance. For example, they use 200 %” 
Nylocs on the busbar supports and contact assemblies of every 
3,000 amp. circuit breaker. Equally tenacious are our Fibre Nuts 
and Pinnacle Nuts. We’ll be glad to advise you which type of 
self-locking nut is best for your purpose. 


SIMMONDS AEROCESSORIES LTD 


TREFOREST, PONTYPRIDD, GLAMORGAN 


Branches: 7-8-9, St. James’s Street, London, S.W. 1. 
Lancaster House, Newhall Street, Birmingham, 2 
2, St. John Street, Manchester, 2 
73, Robertson Street, Glasgow, C.2. 
















Also: Stockholm, Copenhagen, Ballarat, 
Sydney, Johannesburg, Amsterdam and 
ew York. 


A MEMBER OF THE FIRTH CLEVELAND GROUP 
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ASHBURTON RESISTANCE CO. LTD. 
14 HIGHBURY PLACE, LONDON, N.5. TEL. CANONBURY 1620 
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for Induction and 
Dielectric Heater 
Maintenance 


TY4- 350 


ae (833A) 
=a POWER 
: TRIODE 








The Mullard power triode, 
TY4-350 (CV635) is a direct 
equivalent of the American 
833A, and can be used with 


confidence as a plug-in 


replacement. 


PRINCIPAL CHARACTERISTICS 

















Radiation Forced-air 
cooled cooled 
Filament Voltage 10V 10V 
Filament Current 10A 10A 
Max. Anode Voltage 3000V 4000V 
Max. Anode Dissipation 300W 400W 
Max. Opera Frequency at 
vine oiunea ratings 75Mc/s 75Mc/s 
Approx. Power into matched load 800W 1200W 
Nominal Power Output 
(as Class C oscillator at 20 Mc/s) 1000oW 1400W 





Mullard 


MULLARD LTD., COMMUNICATIONS AND INDUSTRIAL VALVE DEPARTMENT, 
MULLARD HOUSE, TORRINGTON PLACE, LONDON, W.C.1 


MVT 188 
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In the plating shop of R. A. 
Lister & Co. Ltd., at Dursley, 
oil-immersed WESTALITE 
rectifiers supply up to 32,000 
amperes D.C. at 7-5 volts for 
hard chrome plating of engine 
components and allied pro- 
cesses. Ask for Data Sheet No. 
810, giving full details of plating 
rectifiers. 








Dept. 1.E.E. 12 
WESTINGHOUSE BRAKE & SIGNAL CO. LTD. 82 York Way, King’s Cross, London, N.!. Phone: TERminus 6432 


vy did it this way. 
-in 1900! 


SUPPORTS CABLE DRUMS 


WITHOUT JACKS 


Photograph by courtesy of british 
Insulated Callender’s Cables Limited 


The Roll-A-Drum. operates swiftly on smooth- 
running rollers from ground level. It makes the clumsy, dangerous old 
method of hoisting cable drums on jacks unnecessary and obsolete. Only £11 10 or £23. 
Details of discounts and full information from: 


DALE | ELECTRIC (YORKSHIRE) LIMITED 
ELECTRICITY BUILDINGS, FILEY, YORKS. Tel. 2301 (3 
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FULLER ELECTRICAL & MANFG. CO. LTD. ‘iz fs. "amen 





ADVERTISEMENTS 






4 a 

Catalogues of tungsten and fluorescent lighting fittings on request. f A [ kK S 

% WE DESIGN AND MANUFACTURE ELECTRIC LIGHTING Lo hia ag innaiina cee 
FITTINGS FOR ALL INDUSTRIAL REQUIREMENTS s a 
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Industrial Lighting 


is a matter for 
the Specialist * 





FALKS Lighting Engineers offer 
you the following service :— 

@ Study of fyour particular lighting problem 
either at your works or from plans. 

@ Recommendation of the most suitable 
method of lighting and type of lighting 
fitting. 

@ Preparation for your approval of lighting 
lay-out plans and estimates. 














91 FARRINGDON ROAD, LONDON, E.C.1 AND BRANCHES. Telephone HOLborn 7654 


London Showrooms: 20/22 MOUNT STREET, PARK LANE, W.1. Telephone MAYfair 5671/2 








PITMAN 





The Economics of 
Electrical Installation 
Design 


By George A. Wedge, A.M.I.E.E., F.1.E.S. Here is 

a new practical work for the practising electrical 
engineer. It provides sufficient data and guidance 
in up-to-date technique, both for interior 
installations and external distribution, to enable 
him to decide the most economic type of installation 
to fulfil any given purpose. This guidance is given 
on the basis of comparison rather than in actual 
figures, so that the availability of new materials 
and fluctuations in values can be adjusted when 
making a decision. Illustrated with line drawings 
and photographs. From booksellers, 45/- net. 


Pari.er Street, Kingsway, London, W.C.2 
















play safe... 


. .. We don’t like to harp on 
this question, but Connollys 
Winding Wires are second to 

none. If you want a wire which 
proves trouble-free in winding 
and does its job really efficiently, 
you'll be wise to insist on Connollys. 

Your free copy of Connollys latest 
cwi catalogue will be sent on request. 


# 


THE LARGEST MANUFACTURERS OF FINE ENAMELLED WIRE IN THE WORLD 


CONNOLLYS (BLACKLEY) LIMITED 


KIRKBY INDUSTRIAL ESTATE: LIVERPOOL 
Phone: SiMonswood 2664. Grams: “‘SYLLONNOC, LIVERPOOL”. Telex No: 62-247 
Branch Sales Offices: SOUTHERN SALES OFFICE AND STORES: 23, Starcross 
Street, N.W.1. Phone: EUSton 5122. MIDLAND SALES OFFICE AND STORES: 
39/44 Watery Lane, Bordesiey, Birmingham 9. Phone: ViCtoria 4991. Telex: No 33-309 
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Bringing 
power to bear 


Power for a washing machine, power for a city. Bushes for 
fractional horse power motors; heavy bearings for power 
station turbines, alternators and pumps. 
Glacier make all kinds of bearings and bushes from ?” to 4 feet 


diameter for every electrical application. 





GLAGIER 


The largest manufacturers of plain bearings in Europe 


THE GLACIER METAL COMPANY LIMITED, ALPERTON, WEMBLEY, MIDDLESEX 
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Great ones, small ones, lean ones, A 
brawny ones. 

Brown —_ black ones, grey ones, 
tawny 

Grave old iow volts, gay young high volts, 

Fathers, mothers, uncles, cousins, 

Davenset transformers by the dozens... 


Brothers, sisters, husbands, wives. 
Giving trouble-free service all their lives. 


Thats the Davenset transformer family 
A large family. An aristocratic family 
too—they’re foremost in the transformer 


Can they serve you? 





field. 

Let Partridge, Wilson become your Piper. All that’s 
needed is your specification and we will do the rest— 
it works like magic! 


XXIV 





Pay the Piper — call the tune! 
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Write for further details of 


TRANSFORMERS 





PARTRIDGE, WILSON & CO. LTD. DAVENSET ELECTRICAL WORKS, LEICESTER 





PENSIONS FOR 
PROFESSIONAL ENGINEERS 


A new and unique scheme with special 
benefits at exceptionally low rates. 


THE ENGINEERS’ GUILD announces that an 
arrangement has been made with a well-known 
insurance company for the first pension scheme 
for members of the engineering profession as a 
whole, which, among its many advantages, in- 
cludes— 


e Continuous cover whatever changes take place in 
employment. 

e Low premiums as a group scheme. 

e Cover for both self-employed and employees. 

e No medical evidence for the first £2,000. 


This scheme is open to all professional engineers, 
but there is a special rebate for Guild members. For 
full details of this unique scheme, write— 


J. G. ORR, SECRETARY, THE ENGINEERS’ 
GUILD, 78, BUCKINGHAM GATE, LONDON, 
S.W.1. 
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The Unilab range of units save 
valuable instruction time and the 
uniform method of presentation 
of the various units helps the 
student to correlate theoretical 
diagram and practical work. 
Although readily accessible for 
inspection, the more delicate 
components are well protected 
against the day to day handling 
in schools, Every Unilab unit 
is manufactured from only the 
finest materials and the excel- 
lence of finish is an added 


feature to outstanding efficiency. 





— 
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x Teaching and experimental units Pi 


A 
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One of the units in the Unilab 


range. 
The Pentode Valve unit. Fully 
enclosed. Mounted in the standard 
Unilab case, 3” x 2” x 1}". Price 
18/6 + P. Tax 5/6. 

Unilab units include diode, triode, 
pentode and transistor valve units 
(all fully enclosed). Fixed resistance 
capacitance and inductance units in 
standard values or to specification. 
Also variable resistance and 
capacitance and switching units. 


Literature to:— 
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RAINBOW RADIO MANUFACTURING CO Ltd 
Mincing Lane, Blackburn, Lancs Telephone Blackburn 4388. 
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Contrro! rovm of = h : 
power generating plant showing 

one of the two control boards 
manufactured by A.T. & E. Co. Ltd. 


ERENMoTrE Con TrTRoOox. 


FOR CALDER A. 


Switchgear associated with the Calder ‘A’ generating station is 
remotely controlled from a central point by means of a system 
of direct wire control designed and manufactured by Automatic 
Telephone & Electric Co. Ltd. A similar system is in course of 
manufacture for Calder ‘B’. 


The equipment provides the following facilities:— 
Remote control and indication of circuit breakers 
Indication of bus bar isolators 

Remote instrument readings 

Indication of alarm conditions 

Control and indication of 132kV transformer tap changes 


O80O8eO 


A.T.E. direct wire and supervisory remote control and indication equipments are 
supplied to electricity generation and distribution authorities throughout the world. 


AUTOMATIC TELEPHONE & ELECTRIC CO, LTD. 
STROWGER HOUSE, ARUNDEL ST., LONDON, W.C.2 


STROWGER WORKS = LIVERPOOL 7 
AT4611-A 
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RATCHET B68! 


RAR 













Pulling power 


The Bowthorpe range of linesmen’s tools will solve 

your overhead line construction problems. They’re made 
to last and each type has passed rigorous strength and 

endurance tests in an authorised test house. 


We illustrate two tools from our wide selec- 
tion. The series of KP Draw Tongs (KP2 is 
illustrated) may be used in conjunction with 
Ratchets, or alone on copper, aluminium 
or aluminium alloy conductors. 
















Remember—its Bowthorpe 
for a power and 
ependability. 





For full details 
of these and other 
Bowthorpe products write to 


BOWTHORPE 

ELECTRIC CO. LTD 

CRAWLEY, SUSSEX 
Crawley 2000/1 /2/3/4 


DONOVAN 
‘SRUNTACT” 


POWER DUCT FOR 
TRAVELLING ELECTRIC HOISTS 


(Overhead Busbar Equipment—Travelling Con- 
tact Type.) 


Donovan “‘Runtact’”’ is ideally suitable for feeding 
electric power to hoists or cranes, and enables portable 
power to be supplied over long lengths with the 
utmost facility. These outstanding features are worthy 
of your further investigation— 


@ Enclosed conductors eliminate hazards of 
exposed wiring. 
@ Standard straight and curved track sections 


can be applied to practically any crane or 
hoist installation. 








@ Adaptable to existing as well as new installa- 


tions. @ Drop-out sections of ‘‘Runtact’’—normally 


one in every five are arranged for insertion 
or removal of the carriages. 


) 
THE DONOVAN ELECTRICAL CO - LTD : STECHFORD - BIRMINGHAM 33 


LONDON DEPOT: 149-151 YORK WAY, N.7 + GLASGOW DEPOT: 22 PITT ST., C.2 
Sales Engineers available in LONDON, BIRMING 4AM, MANCHESTER, GLASGOW, BELFAST, BOURNEMOUTH 
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E|LIOTT 


MICROWAVE 


Matched Loads 


FOR 3 cm WAVEBAND (10,000 Mc/s) 






NATIONS FOR HIGH 


TERMI 
ATCHED VE APPLICATIONS 


E M 
HIGH GRAD ER MICROWA 


AND LOW POW 














TYPE NO. B.419 
HIGH POWER 
MOVABLE ELEMENT 


PERFORMANCE (Over a 12% waveband centred on 3.2 cm) 
Voltage reflection coefficient of absorbing element... + 0.03. 
Voltage reflection coefficient set up by junction between the 
load and a length of waveguide of nominal size... + 0.001. 
Maximum mean power dissipation...about 100 watts. 





TYPE NO. B201 
LOW POWER GRADE 1 
MOVABLE ELEMENT 


PERFORMANCE (Over a 12% waveband centred on 3.2 cm) 

Voltage reflection coefficient of absorbing vanes . . . + 0.0025. 
Voltage reflection coefficient set up by junction between the 
load and a length of waveguide of nominal size... + 0.001. 

















Full details of these and other Microwave Instruments from: 
MICROWAVE DIVISION, ELLIOTT BROTHERS (LONDON) LIMITED, ELSTREE WAY, BOREHAMWOOD, HERTS. (ELSTREE 2040) 
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mag Cototin 23,0005 


Thousands of pounds of capital investment lie permanently within the reach 


of corrosion’s dangerous grip. 


Buried or submerged steelwork and jetties are harassing “Corrosion Zones” 


which modern Cathodic Protection can banish at surprisingly low cost. 


Our Brochure C.C.13 is yours for the asking and shows how we are saving 


Industry thousands of pounds each year. 


CATHODIC CORROSION 
CONTROL LTD 


DUNCAN HOUSE * DOLPHIN SQUARE « LONDON S.W.1. 
SUB-STATIONS Telephone: VICTORIA 5571. 








THE JOURNAL OF 


The British 
Nuclear Energy Conference 


The Institution of Civil Engineers The Institution of Mechanical Engineers 
The Institution of Electrical Engineers The Institute of Physics 
The Institution of Chemical Engineers 


eocce Q === 


PUBLISHED JANUARY, APRIL, JULY, OCTOBER 


The Journal contains papers and discussions on the applications 
of nuclear energy and ancillary subjects 


ANNUAL SUBSCRIPTIONS: 


MEMBERS 30/- post free 
NON-MEMBERS 60/- post free 


Full particulars are available from 


The Secretary * B.N.E.C. * 1-7 Great George Street * London * SW1 
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A shield and safeguard 





j gp i _- 
The sixteen members of the Cable Makers 
Association spent over one million pounds 
sterling last year on research and development. 
Part of this great effort is the continual 
testing—such as is carried out on this surge 
generator—which is the users’ safeguard 
against technical failures and guarantee 

that the cables they buy are as reliable and 
efficient as care and craftsmanship can make 
them. In its 58 years of existence, the 

C.M.A. has been associated with virtually 
every major advance in cable manufacture. 

It has played a leading part in putting the 
British cable industry where it is today— 

at the head of the world’s cable exporters. 


The Roman Warrior and the letters ‘C.M.A.” are 
British Registered Certification Trade Marks 








MEMBERS OF THE C.M.A. 


British Insulated Callender’s Cables Ltd - Connollys (Blackley) Ltd - 
Crompton Parkinson Ltd - The Edison Swan Electric Co. Ltd - Enfield 
Cables Ltd W. T. Glover & Co. Ltd - Greengate & Irwell Rubber Co. Ltd- 
W. T. Henley’s Telegraph Works Co. Ltd - Johnson & Phillips Ltd - The 
Liverpool Electric Cable Co. Ltd * Metropolitan Electric Cable & Con- 
struction Co. Ltd - Pirelli-General Cable Works Ltd. (The General 
Electric Co. Ltd.) * St. Helens Cable & Rubber Co. Ltd * Siemens Brothers 
& Co. Ltd. + Standard Telephones & Cables Ltd - The Telegraph 
Construction and Maintenance Co. Ltd. 














Insist on a cable with the CMA label 
GABLE MAKERS ASSOCIATION, 52-54 High Holborn, London, W.C.1. Telephone: Holborn 7633 









CMA 13 
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Electrical contact 
facings or faced 
contacts in 


SILVER NICKEL 
SILNO 


SILVER TUNGSTEN 


SILVELMET 


COPPER TUNGSTEN 


COPELMET 


The correct use of Elmet facings will: 
Resist burning and wear. 

Prevent melting and welding of contacts. 
Reduce maintenance and downtime. 
Give long life in highly inductive circuits. 
and permit high rate of operation. 





sf. 


ASSOCIATED WITH METROPOLITAN-VICKERS ELECTRICAL Co. Ltd. 


METRO-CUTANIT LTD, sre: ; warnincron  Lancastms 




















Reliability pry 
in the air 









On all B.E.A. “Elizabethans,” Pullin 
S-type precision multi-pole relays are used in 
the airframe de-icing circuit and D.H. propeller reversing 
circuit. M.I.P. are also fully equipped to handle overhauls and 
_repairs—all relays used on the B.E.A. “Elizabethan” fleet are now being 
serviced, and this work includes the incorporation of the latest mandatory 
modifications. Write for full details of Pullin relays and a catalogue of the 
entire range of M.I.P. instruments. 










PULLIN S-TYPE 


RELAYS 
include standard, weatherproofed 


and sealed versions, fully A.R.B. 
approved, and specified by many 


aircraft manufacturers for reliable MEASURING INSTR UMENTS 


operation under ail! service 


conditions. 2 and 4-pole types for (PULLIN) LIMITED 


voltages up to 110V are available. 


Electrin Works, Winchester St., Acton, London, W.3. Tel.: ACOrn 4651 and 8801 (5 lines) 
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POWER TRANSFORMERS 














BTH 45-MVA, 132/33-kV_ three- 
phase bank of single-phase 
transformers at Springfield Sub- g 
station, Durban. Twelve te 
of these units, plus six 
132/88-kV units of the 
same power rating, have 
been supplied to the 
Electricity Supply 
Commission of South 
Africa (Natal Under- 
taking) for the Durban/ 
Colenso Interconnector. 


BRITISH THOMSON-HOUSTON 


The British Thomson-Houston Co., Ltd., Rugby, England. 
Member of the AE! group of Companies aan 





ADVERTISEMENTS 


eal Pe cd 3 : 


ws ; 3 
he a a 


pale gene 


e: 
== 


(above) General view of 

the Coryton Bulk Terminal 

and (right) operating the 

valve which actuates the 

E.A.C. control panel shown 
below. 


AUTOMATION AT 
OIL TERMINAL 


An E.A.C. control panel incorpora- 
ting sensitive moving coil relays is 
providing automatic “call-in” of 
loading pumps, according to demand, 
at the Coryton Bulk Terminal of the 
Mobil Oil Co. Ltd., and has greatly 
speeded up the loading and move- 
ment of road tankers. It is esti- 
mated that a saving of up to 40% 
in the cost of power is achieved as 
compared with hand control of the 
pumps. 

This installation provides another 
instance of the efficiency of E.A.C. 
automatic control associated with a 
complex industrial operation. 


E.A.C. ARE THE  SINGLE- 
PHASING PREVENTOR PEOPLE 


THE ELECTRICAL APPARATUS 
COMPANY LTD - ST. ALBANS 


t 
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- One of two 30 MVA 132/33kV Hackbridge Transformers 
: at Ham Bridge Grid Substation, Worthing 
(Central Electricity Authority) 


over 21 million kVA in World-wide service 


HACKBRIDGE AND HEWITTIC ELECTRIC CO., LIMITED 
WALTON-ON-THAMES - SURREY - ENGLAND 
Telephone: Walton-on-Thames 760 (8 lines) Telegrams & Cables: ‘Electric, Walton-on-Thames’ 


’ 


OVERSEAS REPRESENTATIVES:—ARGENTINA: H. A. Roberts & Cia., S.R.L., Buenos Aires. AUSTRALIA: Hackbridge and Hewittic Electric Co. Ltd., 171, 

Fitzroy Street, St. Kilda, Victoria; N.S.W.: Queensland: W. Australia: Elder Smith & Co. Ltd.; South Australia: Parsons & Robertson Ltd. BELGIUM and 
LUXEMBOURG: M. Dorfman, 5, Avenue des Phalenes, Brussels. BRAZIL: Oscar G. Mors, Sao Paulo. CANADA: Hackbridge and Hewittic Electric Co. of Canada 
Ltd., Montreal; The Northern Electric Co. Ltd., Montreal, etc. CEYLON: Envee Ess Ltd., Colombo. CHILE: Ingenieria Electrica S.A.C., Santiago. EAST 
AFRICA: Gerald Hoe (Lighting) Ltd., Nairobi. EGYPT: Giacomo Cohenca Fils, S.A.E., Cairo. FINLAND: Sahké-ja Koneliike O.Y. "Hermes, Helsinki. 
HOLLAND: J. Kater E.1., Ouderkerk a.d. Amstel, Amsteldijk Noord 103°. INDIA: Steam and Mining Equipment (India) Ltd., Calcutta; Easun =k Co. Ltd., 

Madras, 1. IRAQ: J. ay *Bahoshy Bros., Baghdad. MALAYA, SINGAPORE and BORNEO: Harper, Gilfillan & Co. Ltd., Kuala Lumpur. ZEALAND: 

Richardson, McCabe & Co. Ltd., Wellington, etc. SOUTH AFRICA: Fraser & Chalmers (S.A.) (Pty.) Ltd., Johannesburg. CENTRAL CAN NN TEDERATION : 
Fraser & Chalmers (S. A.) (Pty.), "Ltd., Salisbury, etc. THAILAND: vig ~ Phanich Co. i. B. ok. TRINIDAD and TOBAGO: Thomas Peake & Co., Port 
of Spain. TURKEY: Dr. H. Salim Oker, Ankara. URUGUAY: H. A. Roberts & Cia., S.A. U., ontevideo. U.S.A.: Hackbridge and Hewittic Electric Co. Ltd., 


P.O. Box 234, Pittsburgh 30, Pennsylvania. 
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e Apart from ordering... 


. - » Ransome and Marles ball 


Ul 


and roller bearings I never 
think about them. They are 
specified and fitted in so 
much machinery that 

I take their reliability 

for granted. 








arles Bearing Co., Ltd. 


Newark-on-Trent, England 
Telephone: Newark 456 and Telex 37-306. 
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one of the associates of the G.E.C.—Simon-Carves 
Atomic Energy Group, has unrivalled experience 

in the design and construction of large pressure vessels. 
The reactor-containing sphere at Dounreay 

is being built by the Company, a further indication of 
the ability and enterprise of the Group in the 


development of nuclear power stations. 


G.E.C.—SIMON-CARVES ATOMIC ENERGY GROUP - ERITH - KENT - ENGLAND 





The Motherwell Bridge & Engineering Co. Ltd., 
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Plannair Blower, 2PL81, is used by Kelvin and Hughes Ltd., 


enou gh for cooling this transmitter unit from their marine radar. 














a heavy watertight compartment and circulation 
is maintained through suction, the air entering the 
° ht cabinet through a filter in the base. The rate of flow 


e h In this application, the components are fitted inside 


gives a complete change of air 20 times a minute 

and special provision is made for maximum circulation 
over magnetron and power pack. 

place PLANNAIR apply themselves — and their 
unsurpassed Axial Flow blowers — to the solving of 

many problems related to the controlled over-running 


of electronic i 
—_—__—__— equipment and 
P L A | N A | R similar matters which 
ee ee el 


currently call for ‘enough air 
PLANNAIR LTD in the right place’. 
WINDFIELD HOUSE 
LEATHERHEAD 
SURREY 


Telephone: Leatherhead 409! 


ALSO MANUFACTURED UNDER LICENCE IN THE U.S.A. BY THE PESCO PRODUCTS DIVISION 
OF BORG-WARNER CORPORATION AND IN FRANCE AND GERMANY BY AIR-EQUIPEMENT 


PLANNED AIRFLOW SYSTEMS FOR THE AIRCRAFT AND ELECTRONIC INDUSTRIES 


@ Piné 
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To Charlie Brown it's just another furnace... 


UT he owes it a debt of gratitude. For the 

introduction of the electric furnace has led 
to increased efficiency of production, bigger 
pay packets and a higher standard of living. 
This is the direct result of the development of 
resistance materials. No small part in this 
development was played by Henry Wiggin & 
Co. Their contribution was the Brightray series 
of nickel-chromium alloys. Today there is a 
grade of Brightray for every form of electrical 
resistance heating, industrial and domestic. 


Brightray Electrical Resistance Alloys 


Produced in the form of Rod, Wire, Strip and Tape. 


BRIGHTRAY C for inter- 
mittent heating up to 1150°C 
... used in cookers, toasters, 
laundry irons, fires, soldering 
irons... 


BRIGHTRAY S for contin- 
uous heating up to 1150°C 
. .. principally intended for 
electric furnace heating ele- 
ments... 


BRIGHTRAY H a new 
grade for electric furnace 
elements operating in the 
range 1100-1250°C ... 


BRIGHTRAY B produced 
to provide a cheaper but 
satisfactory material for 
elements working up to 
ge 


BRIGHTRAY F for electric 
furnace elements operating 
in special atmospheres up 
to 1000°C ... 


THERMOMETALS in 

many grades for thermostatic 

devices controlling tempera- 

tures ranging from -75 to 
40°C. 


* Brightray’ is a registered Trade Mark. 
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